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MS TRACT 
Gro s s  primary p ro duc t ivity , hetero troph i c  b a c ter ial number s ,  and ne t 
phytoplankton densitie s o f  s even pond s · in Co l e s  Co unty, Illinois, were 
s tudied in relation to physical , chemica l , and b iologi c a l  hab i ta t  
variable s (light inten sity and durat ion , turb id ity , water t emperature, 
pH, disso lved oxygen, s ulfur , n itrogen , pho s pho rus , pro duc t ion, b ac teria , 
�md :p!lytoplankton) • Ten ob servat ions were mad e for each pond (except 
whe re o therw i s e  no t ed) from 17 June through 25 Augu s t 1974. S t epwi s e  
mul t ip l e  l inear regre s s ion analys e s  o f  the data were used in o rder to 
determine tho se. env i ronmen tal fa c tors which were impo;:t?nt in predicting 
(i. e . ,  significan tly c o rr e l a t e d  w ith) bacterial and phytoplankton den s i ties, 
and produc t ion. A mu l t ip l e  l inear regre s s ion equat ion for each biological 
parame ter ana l yzed a s  the dependent va r iab l e (Y) wa s  then c on s tru c ted 
from the int e r c ept and the regres s i on c o eff i c i en t s  for the s ignif i c ant 
independent var i ab l e s  (X's). 
The regre s s ion analyses u t i l ized in th i s  s tudy s uggested that there 
is u sually no one habitat variable res pon s i b l e  fo r (i.e . ,  c o rre lated wi th) 
p roductivity and bacterial and p_hyto pl ankton d ensiti e s .  When c onsider ing 
the controlling element(s) of an ec o s ystem at any one t ime, it appears 
tha t the interactions between the var ious habita t variable s are probab ly 
more impor tant in determining ( or p redic ting) environmental conditio n s 
than any one hab itat var iab le alone . 
E a ch o f  the s even pond s s amp led appeared to b e  unique with re s pe c t 
to the habitat variable s c orrelat ed with tho s e  biological para.-neters 
ii 
analyzed as the dependent variables. However, a program for the analysis 
of variance for factorial design indicated that the dependent variables 
themselves (and some of the independent variables) were not �ntirely 
unique to the ponds sampled. In order to gain some insight into the 
nature of these differences, a program for the Duncan's new multiple 
range. test was utilized. 
This study has indicated that the use of stepwise multiple linear 
regression analysis may be a valuable tool in aquatic research for 
evaluating the relative improtance of habitat variables in predicting 
variation in biological parameters • .  However, in order to develop more 
reliable predictive measures, additiona l studies should be made concerning 
biological rate data and nonlinear expressions of variab le interactions 
based on the §ignificantly correlated habitat variables suggested in the 
regression analyses. Systems analysis procedures could then be used 
in building effective simulation models. 
iii 
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INTRODUCTION 
Every theory of the course of events in nature is 
necessarily based on some process of simplification 
and is to some extent, therefore, a fairy tale. 
Sir Napier Shaw 
1 
The ecosystem is regarded as the basic functional unit of 
ecology. It includes both the biotic corranunities and the abiotic 
environment, each influe ncing the �roperties of the other through 
their interrelations and interactions. Within the complex ecological 
system, the biotic com."llunity interacts with the physical environment 
in such a way that a flow of energy leads to clearly defined trophic 
levels, bioti c diversity, and material cycles. In -terms of trophic 
levels, the ecosystem hasbeen divided into two general components: 
(1) the autotrophic component, in which light energy is used to fix . 
inorganfc s ubs tances in the form of more complex organic materials; 
and (2) the heterotrophic component, in which the utilization, 
•rearrangement, and decomposition of the organic materials takes. place. 
Odum (1960) has implicated these two components into what he refers 
to as 11the two· basic principles of functional ecology, 11 mmely, 
the pne-way flow of energy and the cycling of materials (nutrients, 
etc.). 
For descriptive purposes Odum (1971) recognizes six components 
compris.1ne the ecosysteF.t (the first three represent the ;10:.0;:,�"c 
com�onents and t'he second three constitute tY:e b:\.orr.a.ss): (J.) : rn::-',;::o.nic 
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substances, (2) organic compounds, (3) climate regime, (4) producers, 
(5) pha gotrophs , and ( 6) saprotrophs . Of primary concern in this 
paper are the relationships involved in the coupling of the sapro­
trophic and autotrophic· components. In this interaction, hetero­
trophic b acteria are involved in breaking down the complex organic 
compounds of dead protoplasm, absorb ing some of the products of 
decomposition, and releasing inorganic nutrients which can then be 
used by the producers to provide energy sources to the other biotic 
components. 
s. A. Forbes (1887) states' in his classic essay on the lake 
as a microcosm , that a body of water 1iforms a little world with5n 
itself--a microcosm within which all the elemental forces are at work 
and the play of life goes on in full, but on so small a scale as to 
bring it easily within mental grasp." The pond or·lake as an ecosystem 
reveals itself in its apparent inseparability of living organisms 
and the nonliving environment. For 11not only is the pond a place where 
plants and animals live, but plants and animals make the pond what it 
is" (Odum,.1971). 
Due to the complex nature of ecosystems and the problems 
encountered in the study of the interrelations and interactions involved, 
the traditional s cient if ic methods of "experiment and control" are 
often too difficult, if not impossible, to utilize. Therefore, it is 
often convenient to create several smaller subproblems from one larger 
one; the answers to the parts being the soJ.ution to the whole. With 
this approach has come the application of systems analysis procedures 
to ecology� Systems ecology has become Lncreas.i ngly rnore :; �:;:;ortar:t 
for two reasons : (1) the availability of new fonnal tools in terms 
of mathematical and statistical theory , cybernetics, and electronic 
data proce s sing , to name a few, and (2) formal simplification of 
complex ecosystems which may provi de solutions to man's environmental 
problems that were once "trusted to trial-and-error, or one-problem­
one-solution,- proce d ures • • • 11 (Odum, 1971). 
Systems analysis, when applied to a complex ecosystem, can 
be used as a mathematical representation involving the process of trans­
lating physical , chemical, and biological parameters into a set'of 
mathematical relationships whereby' reasonably good quantitative pre­
dictions can be made. Dale (1970) states that systems analysis is 
nothing more than the "scientific me thod " :i.n terms of a formal model,. 
that is, "a formulation that mimics a real-world phenomenon. • • n 
He further states that effective model building can be accomplished 
utilizing information concerID,.ng only a relatively small number of key 
variables. These 11key" or "integrative" variables represent the primary 
controlling factors of the model. Watt (1966) believes that there is 
not a need for "a tremendous amount of information about a �r�at many _  
variables (in order ) to build revealing mathematical models • • • 11 
In this paper multivariate stepwise linear regression analysis 
has been used to indicate the relative importance of habitat variables 
in predicting total net phytoplankton, producti.vi ty, and nuiTibers of 
bacteria present. The use of computer operations enabled the author 
to determine which environmental factors in each of the ponds studied 
were significant ly correlated to the dependent variables mentioned above. 
And though the use of li.near regression analysis is limited, it can be 
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used to ·gain some insight into the complex ecosystem of a bocJ..y of 
water. As Dugdale and Walsh (1971) have stated, the use of linear 
regression equations "cannot be expect ed to fully describe or predict 
biological relationships which are basically nonlinear and consist of 
thresholds, time lags, and saturation and inhibition effects .11 
However , they are "appropriate for preliminary insight into a complex 
system • • • " Based on the significant.ly correlated habitat variables 
suggested in stepwise regression analysis and additional studies 
concerning biological rate data and nonlinear expressions of variable 
interactions, systems analysis procedures could be used in building 
effective simulation models. Walsh (1971) has expressed that, 
" • • •  onc e constructed and validated, causal simulation models can 







One of the most obvious properties of water is its transparency. 
Natural waters exhibit great differences in the degree to which sun-
light can illuminate them. Extremely turbid waters offer a striking 
. contrast to those clearer , cleaner waters in which Jight penetrates 
to greater depths. Also, many natural waters show seasonal and irre-
gular variations, due to severa l possible cuases, in the degree to 
which they permit the passage of light. Light exerts a very profou..."ld 
influence on a whole series of biological phenomena' in water. For 
example, the interrelationships between light and temperature effects 
in lakes led Findenegg (1943) to suggest four types of org,:mis1c.s 
associated with different seasons ( from Round, 1968): ( l.) low 
light/low temperature (winter ) ; (2) low light/high tern;::c;rature (auturn:.1)i 
(3) high light/low temperature ( spring ) ; and (4) high light/high temp-
erature (surrrrner>. There also seems to be little doubt that it is the 
increase in illumination which initiates growth of many forms of 
phytoplankton in spring ( see Lund, 1965). 
Ecologically, the quality of light (wavelength or color ) , the 
intensity (actual energy measured in gram-calories or foot-candles), 
and the du.ration ( length of day) are known to be important. Both 
anirrals and plants are kno'm to respond to different wavelength:: of 
light. The rate of photosynthesis varies somewhat with different 
wavelengths. As light penetrate s water, the reds and blues are 
filtered out and the resultant greenish color is poorly absorbed 
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by chlorophyll ( from Odum, 1971). However, various algae have access­
ory pigments which enable them to 1i ve at greater depths than would 
be oossible for the green algae (Lund, 1965). The gross effect of 
light limiting the depth penetration of algal com.�unities in lakes was 
shown by Round (1961). 
The intensity of light (i.e., the energy input)_.�nterfng the 
autotrophic layer controls the ent1re ecosystem through its influence 
on primary production. The relationship of light intensity to photo­
synthesis in phytoplankton, and plants in general, follows the pattern 
of a linear incr e ase up to an optimum ( or light saturation level); 
followed by a decrease at very high light intensities (from Rabino­
witch and Govindjee, 1969). 
The intensity of illumination at the surface of water varies 
with a number o f  circumstances. Some of these variations are cyclic, 
such as alternate day and night; others are meterological phenomena; 
and still others originate in other ways (see Welch, 1952). Generally 
speaking, light intensity at the surface of natural water is highly 
variable, and periods of uniform intensity are of limited duration 
C 'see Reid, 1961). Ruttner (1953) has s'tated that the light reaching 
the surface of water on a clear day is the sum total of the light 
coming (1) directly from the sun and (2) from the hemisphere of the 
s h-y. Clouds passing across the sun produce alterations in the relative 
amounts of light from the two sources. 
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When light waves encount er the surface of water, a part of 
light wi 11 be reflected, and another part will enter the water and 
become re fracte d (from Hutchinson, 1957). The nature of the reflect­
ion depends upon both the ang le of the rays with the general water 
surface and also· upon the degree of agitation of the water surface. 
Odum (1971) e xpre sses that, although not i;enerally recognized, 
normal sunlight can be limiting when at full :intensity, as well as 
when at low intensity . When water is clear, photosynthesis is sup­
pressed by high light intensity near the surface so that the hir;hest 
rate of photosynthesis usually occurs below the top meter (Round, 
1961). Photo-oxidation of enzymes apparently reduces synthesis, and 
rapid respiration us es up the photosynthate. 
The length of light duration, or photoperiodici ty, on some 
algae has been demonstrated under varyin8 experimental conditions, but 
its effect in nature is re la tively unknovm (Round, 1961). Indirect 
evidence of its importance for seasonal growth was obtained by Grim 
(1950), who showed that species most abundant in spring grow best in 
the laboratory with light periods of 8-12 hours, whereas late-spring 
to early-summer species grow best with 14-16 hours of light. Lund 
(1965) believes that daylength has no effect on the morphological or 
reproductive characters of developini; phytoplankton and that there is 
nothing analogous to long-day and short-day plants. Round (1968) has 
sugGested tha t light duration may be more involved in biological pro­
duct:l.v.i.. ty, than in photoperiodism. However, whatever role daylength 
plans, it is undoubtedly effective, "but disentangling this effect 




Dissolved materials in natural waters affect the way in which 
light is absorbed. Howe ver , very li_ttle is known concerning this 
phenomenon. It has been found that chlorid es of magnesium, calcium, 
and similar salts diminish light absorption. Traces of ammonia, 
proteins, and nitrates in solution in pure water also reduce its 
transparency to ultraviolet li ght, whereas dissolved salts have little 
effect (see Welch , 1952). 
Turbidity, on the other hand, is the degree of opacity pro­
duced in water by suspended particulate matter, organic or inorganic 
(Reid, 1961). The sources of substances producing turbidity are 
innumerable. Substances such as various grades of humus, silt, organic 
detritus, colloidal matter, and plants and animals produced outside 
and brought into the pond, are termed allochthonous·. Turbidity-creating 
matter produced -wi.thin the pond is said to be autochthonous (Hutchinson, 
1957). Both contribute to the quantity and quality of turbidity. 
From the standpoint of their relation to water, turbidity­
producing substances have been divided into two categories (Ruttner, 
1953): (1) settling suspended matters, those substances which will 
sooner or later settle out; and (2) nonsettHng suspended matterrs, 
either those finely di vi ded solids or those materials, the specific 
gravity of which is less than water, which are in permanent suspensi9n 
as long as their state remains unchanged. 
The general effects of turbidity on aquatic communities are 
due to ]j_ght obstruction. These effects can create both favorable and 
imf,<ivora'ole conditions. A favorable effeet results in the protection 
1�2ainst excess light, and thus allows th2 survival of more li1:,ht-sensit:Lve 
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species. Unfavorable effects arise out of the restriction of photo­
synthesis, and thereby the volume of productive waters is reduced 
(see Welch, 1952). 
Welch (1952) also reports that in 1895 Forel pointed out that 
turbid waters tend to be warmer than clearer waters. This occurs when 
suspended ·particles absorb more heat than the surrounding water; the 
radiation of this heat then adds to the heat content of the water. 
Wesenberg-Lund (1930) found that pond water containing large quantities 
of blue-green algae behaved thermally like turbid waters, where the 
·temp�rature of the water during caim weather may rise well above the 
air temperature and 4° to 50 C above those ponds low in plankton. 
Higgins (1932) re ported that erosion silt may produce definite changes 
in the heat conduction and heat radiation of water and, therefore, 
there is reason to believe that heat budgets of waters are influenced 
by substances in suspension. 
In turbid waters a process known as flocculation may occur in 
which organic and inorganic particles aggregate into m:isses or flocculi 
( from Welch, 1952). These flocculi often contain actively growing 
bacteria and various oth er types of aquatic biota. The tendency of 
these flocculi to settle to the bottom results in a significant trans­
portation of open water species to the sediments. 
Temperature 
Temperature is one of the most important factors in an aquatic 
environment. It is possible that no other single fact.or has so many 
influences and direct and indirect effects. 1>!.ster has sever a} i r:'.:e:'ent 
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Three of the most important of these thermal qualities are (from 
Odum, 1971): (1) high specific heat ; a relatively large arriount of 
heat is required to change the temperature of water--o·ne· gram-calorie 
(gcal) of heat is required to raise one milliliter ( or one gram) of 
water one degree centigrade (between 15° and 16°); ( 2 )  high latent 
heat of fusion; 80 calories are required to change one r,r�m of ice 
into water with no change in temperature (and vice versa); and 
(3) highest known latent heat of vaporization; 536 calories per gram 
are absorbed during evaporation. 
As a consequence of the combined effect of specific heat and 
latent heat of fusi on, the changes of water temperature a re much slower 
than that of air temperature. Despite this fact, it is believed that 
due to the stenotherrric tolerances of aquatic organi.sms, temperature 
may be a major limiting factor (Rhode, 1948; Ukeles', 1961; Lund, 1965; 
Canter and Lund, 1966). Rhode (1948) has suggested that temperature is 
probably the important factor in the summer gro��h of Chlorococcales 
( Ankistrodesmus, Scenedesmus, Chlorella, and Coelastrum ) and that the 
same is possibly true of the Cyanophyta in te�perate lakes. Center 
and Lund (1966) have shown that desmid populations were clearly corre-
lated with the spring-summer increase in temperature. However, Eound 
(1968) came to the conclusion that at no time during ��e year is 
temperature the sole c ontrolling fact or, although it may at times 
accelerate or decelerate growth. 
The temperature changes which do occur in natural waters arc 
the result of two processes. The follo-vling Ust, as reported by ':!e :ch 
(1952), is modified from Sverdrup, Johnson, and Fleming (1%2); 
Addi ti on of Heat 
l;, Radiation from sun and sky 
2. Condensation of water vapor 
) . Convection from atmosphere 
4. Convection from lake basin 
5. Heat from chemical change 
6. Heat from friction in water 
movement 
11 
Loss of Heat 
1. Evaporation 
2. Convection to atmosphere 
J. Convection to lake basin 4. Back radiation from lake 
surface to atmosphere 
Radiation from sun and sky is the most important of the heating processes 
and e vaporation is the most effective process of heat loss. 
Aside from the �ore obvious effects of temperature on biological 
rates (photosynthesis and respiration; increase in rate with temperature 
up to an optimum ) , and chemical reactions in general, temperature also 
has some more indirect influences in natural waters. For example, most 
biogenic salts become more soluble in a liquid as the temperature 
increases , although there are noteworthy exceptions (e.g., sodium sulfate 
becomes less solubile as the temperature rises). The solubility of gases 
(of importance in natural waters are C02 and 02) in liquid usually 
decreases as �he temperature increases. 
The rate of salt absorption by plants increases with temperature 
from the melting point of water up to about 4o0c, where it begins to 
decrease ( see Salisbury and ·Ross, 1969). Increased absorption of 
nutrients with rising temperature results to some extent from the 
increased rate of diffusion to the plants and also from the i.ncre:ised 
respiration of the plants at higher temperatures, active absorption 
requiring cellular respiration. It also appears that the effect of ris-
ing temperatures increases membrane permeability to ions (Hope and 
Aschberger, 1970). Sutcliffe (1962) found thil.t at low temperatures :.he 
uptake of anions is inhibited more than that of c<.n:.-,ons. ·1l.t;Lo:.i�h ".:�::c; 
reason for this is not clear. It should be ;1cted, &s Lt -'._ :c: ')'Y'r·'. :)11s1y 
so, that optimum temperatures and t olerance ranges vary with the 
species of concern . 
12 
The common freshwater algae belong to the Chlorophyta, 
Bacillariophyta, Chrysophyta, Rhodophyta, and Cyanophyta (Patrick, 
1969•). Species af these groups can tolerate a wide ranr,e of tempera­
tures, from cool-water condit:l.ons to very warm-water conditions; each 
species has a range it can tolerate and a range in wh:i.ch it has optimum 
growth. 
The blue-green algae have more speeies that prefer temperatures 
from 35oc and upward (Castenholz, i967), whereas the green algae have 
many species which grow best in temperatures ranging up to 35°c, although 
some can grow at higher temperat ures (Cairns, 1956). The seasonal 
succession of species is largely due t ot he fact that species can out­
compete each other under varying temperature conditions (see Patrick, 
1969). Patrick (1969) further states that, as would be expected, other 
ecological conditions, such as light, nutrients, etc., also control the 
kinds ',of species present at various seasons of the year. 
Experiments have shown t hat with the approach to the limits of 
temperature tol€rances for a species, cell division, photosynthesis, 
and the formation of reproductive cells is repressed (see Patrick, 
1969). Cell size is often reduced, the oxygen required for respiration 
is increased � and the pattern of growth may be greatly altered. 
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Chemi cal Parame ters 
Only a small p orti on o f  the nutri e nt s  vi tal to phytoplankt on 
gro wth i s  in so luti on i n  natural waters and , there fore , is not 
immedi ate ly avai lab le . A much large r  porti o n i s  held i n  r e s erve i n  
the b ot tom sedime nts , partic ulate matter , and in the organi. sms them­
s e lves . Haye s and C offi n ( 1951 ) have stat e d  t hat , a pond or lake 
H i s  not , as one mi ght t hi nk , a b ody of wate r containi n g  nut ri e nt s ,  
but a n  equi librated system of wate;- and s o li ds , and unde r ordinary · 
condi ti o ns nearly a l l  of the nut ri e nt s  are i n  a soli d  s tate . "  
The pH value o f  a b ody of wate r  r e pre s e nt s  the ins ta ne ous 
hyd r o eeni on a c t ivity a nd i s  us ua l ly e xpre s s e d  a s  the n e gati ve logarithm 
of the hydro gen-i o n  c onc entra ti on :  pH = -log (H+ ) .  Mo �ct natura l 
wat e rs range from pH 4 to pH 9 a nd a r e  oft e n  s U ght ly ba oii c due t o  the 
pre s e nc e of ca rb onat e s  and bicarbo na t e s . A ma j or de vi at i on from the 
normal pH indi cat€ s th e i ntrus i on of s t rongly a ci di c  o r  s tr o ngl,y bas ic 
industrial 1.;as t e s . For the mo s t part , change s i n  the hydr oge n-i on 
conc entrati on ( annual , seas o nal , and in 17,ene ral) are relatively sma ll 
due to t he buffe ring c apacity of natural wat e r s . Only s li ght di urnal 
chan ges in pH may be obs erved . The s e  cha nge s a r e  la r cel y the re ; rn lt 
of phot osynthe t i c  and r e s pi ra t o ry p r oce s s e s  ( s e e  Hutchi ns o n ,  195 7 ) . 
Wate rs c o nt a i ning lart;e amount s of di s so lved mat e r i a ls a r e  
most li ke ly t o  show a hi gh buffe ri ng ca pacity, i::hi le low· buf.fc ri n2 
capaci ty i s  to be e xpe c t e d  in wate rs low i:1 d5. s s olve d :·.0::. ·., c ":-� a l :;  
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(Welch , 19)2 ) .  For example , th e a c t i on of c arbonate s  greatly i nf lue nce 
the buffering e ffect of natural wat e r s : 
� • •  + + --;;) rt 
I f  in natural water c ont aining the carb�nat E s  and bi carbonate s  
o f  ca lci um o r  ma gne s i um ,  carbon di oxide i s  wit hdrawn ( a s  i n  the 
pro c e s s  of pho t osynth e si s of phyt oplankt on ) , some of the bi carbona t e  
di s s ociates into c arbo nate and prot on s . If c arbon di oxi d e  is  added 
( as i n  d e compositi o n  a nd re spi ration ) , the react i. on betwe e11 c o 2  and H2o 
result s  in t he format i on of carbon� c acid (H2co3 ) .  In t he abs e nce of 
carb onat e s , t he addi t i o n  or r eduction of fre e carbo n di oxide wou ld 
result in an i nc rease or de c re a s e  in c arboni c a ci d , and the hydro een-
i o n  con centrate would be a lt e r  a c c o rdi ngly. 
The pH has b e e n  known to affe ct salt  abs orpti on ( Salisbury 
and Ro s s ,  1969 ) .  At a low pH , hydr ogen ions de creas e  the ab s o r pti on 
of c ati ons (NH4 et c . ) , whi le anion abs orpt i on may be stimulat e d .  This 
is probab ly due t o  t he e ffe ct of hydroge n-i o n  c ompe titi on w'.i. th a ni ons 
for upta ke sttes on c e ll membranc e s . Hydroxyl o r  bi carbonate i ons , at 
hi gher pH value s ,  compete wi th ani ons such a s  nit rate , pho s phate , and 
sulfat e .  
pH may a lso a ffect me mbrane pe rmeabi li ty and enzyme activity.  
T he s e  e nzyme s include not only t ho s e  o f  phot os ynthe 3 i s  and c e l lular 
res pi rati on,  but a ls o  those invo lve d in e nergy depende nt trans port 
acros s me�brance . 
T he uptake of phos phate i s  i nflue'!i'iC.e d by pH due to the r; ffect 
of the hydroge n-ion c onc entrat i o n  on the i oni c  charge . 'l' he p re dom:t nant 
i oni c forms at vari ous pH value s are ( 1 )  H,,PO;"" at l at·;  !.. i.;. 
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( 2 )  a n  equal mixture of H2Po4 and HPOJ;_ at pH 6 . 8 ;  ( J )  H POh at value s 
s li ghtly above 6 . 8 ;  and ( 4 )  P04 at hi gher  pH value s ( e . g . , Sali sbury 
and Ros s ,  1969 ) .  It is we ll known that monova l e nt forms are more 
re adi ly abs orbed t han di vale nt forms , and divalent fas t e r  than 
t ri va le nt .  The refore , a lgal populati ons in ponds at  hi gher pH va lue s 
c ould b e  limi t e d  in growth di.le to s low rat e of phos phorus ab sorpti on 
eve n in the pre s en ce of re lative ly hi gh phos pha te conce n trati ons or , 
exclude d  t hro ugh comp e t i ti on with a specie s mor e e ffi ci e nt i n  the 
abs o r pti on of hi ghe r valence f o rms of phos phat e .  There i s  s ome e vi ct� 
e nce t hat d:i. ffe rent s pe ci e s  of t axonomi c groups may each have an 
i ndividua l  to le ranc e range ( e . g . ,  Mcc ombie , 1953 ) . 
Welch ( 1952 ) has i ndi cat e d  t hat in a dditi on t o  t he di re ct 
acti on of pH , t he hydr ogen-i on c onc e ntrati on may a ls o s�rve as an i ndex 
o f  e nvironme nt a l  c o ndi ti ons : ( 1 )  free carbon di oxi d e , ( 2 ) alkali nity, 
( 3) dissolve d oxygen , (4 ) re s e.rve pH (RpH == pH o f  a s amp le after 
t hor ough ae ration ) , ( 5 ) disso lved so lids conte nt , a nd others . 
Di s s olve d Oxygen 
Osyge n i s  one of the mo s t  s i gni fi cant chemi ca l s ub s tanc e s  
i n  natur a l  wate r s .  I t  is both a re gulat or of c om uni ty a n d  or gani sm 
metab o li c pro c e s s e s , and an indi cator of p o nd c ondi ti ons . Hut c hi ns o n  
( 1957 ) has stat e d  t hat a limnologi st 1 1  • • • ca n  pr obably learn mor e 
about t he nature of a lake from a series  of oxygen deterrninat:i.ons than 
f ro m  any other ki nd of chemical da ta'! ' 
T he oxyge n avai lab le for me tabolic pro ce s s e s  i s  i n  soluti on 
in natura l wate r s , the vo lu.-:re of which i s  d ependen t o:i ( 1 )  t e r:r: sra t ur o  
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of the wat er , ( 2 )  partia l pre s sure of the gas i n  the atmos p he r e  i n  
c ontact with t he wat e r  surface , a nd ( 3 ) the c oncentration of diss olved 
s a lt s  ( see  Reid , 1961 ) . 
T he s olubi li ty of a gas in re latio n to tempe rature ha .s a lr eady 
bee n  dis cus s ed. At a given t e mpe rature the c onc ent rati on o f  a saturat e d  · 
s olut ion i s  dir e ctly proporti o nal t o  the partial pre s s ure of tha t gas 
(Henry ' s  law) . Dalto n ' s law of partia l pre s s ure s ,  whi ch is a lso 
re lated t o  the s olubi lit y  of oxygen , states that the tota l pre s sure 
of a mixtur e of gas e s  i s  e qua l  to the sum of the pr e s s ur e s  e xe rte d 
by e a ch of the compone nt gases . · Tnat i s , the s olubi li t y  o f  ea ch ga s 
is inde pendent of the oth e r gas e s  i n  the mi xture . The effect of t he 
third fact or ,  the c onc entrati on of the di s so lve d salts , i s  that of 
de cr easin g  the oxyge n co ntent a s  sali nit y  i nc r ea s e s  ( se e Hut chi ns on , 
1957 ) .  
Di s s olved oxygen , i n  tur n ,  al.S o ha s an eff e ct on the avai l­
abi li ty o f  i nor gani c nutrient s . F or e xam ple , a n  inso lub le fe rri c  i ron­
phos phorus c omple x f orms i n  the pre s ence of oxygen . Remova l o f  oxygen 
brings about reduc tio n of ferric i ons (Fe+++ ) to the fe rrous s tate 
(F e + + ) and phosphate i s  r e leas e d  ( s e e  H ei d ,  1961 ) ,, 
T h e  p ri n ci p le s o ur c es of di sso lve d o xyge n i n  water a r e  ( 1 ) di r­
e ct ly from the a t mo s phe r e  t hrough the ex pos e d  s urface and (2 )  from 
phot osynthe sis ( from Ruttne r , 1953 ) . Abs or pti o n  of oxygen from th e 
ai r i s  accomp li s he d  by di re ct di ffusi on a t  the s urfa ce and thr ou gh 
, surface -wate r a gi t at i o n .  Phot osynthe t i c  activi ti es r e l e a s e  oxyg e n  
di re ctly i nt o  the wat e r  and thr ou gh di ffus i on and water mo veme nts i t  
i s  further di s tribute d . 
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Though rare ly of conc e rn i n  t e rr e s t ria l e c o s ys t e ms ,  the 
1 
s upp ly of di s s olve d oxygen i s  of pri me importan ce in aquati c e nvi ron-
me nts . The pri nci p le caus e s  of oxyge n d e p le t ion in natural wa ters 
are ( f ro m  We lch ,  1952 ) :  . ( 1 )  r e spi rati o n ,  ( 2 )  d e compo s i t i on o f  o r gan i c 
mat te r , ( 3 )  re ducti on due to other ga s e s , ( 4 ) release of di s s o lv e d  
oxyge n with increasing s umme r t emperatur e s ,  ( 5 ) i nf low o f  o xy ge n-
defi ci e nt subte rranean wa te r , and (6)  pre s ence of i ron-the oxi<lati on 
of solub le iron c o mpounds f orms i nso luble fe rri c hydrate which 
de cre ases the c oncentrati on of di s s olved  oxyge n .  
Sulfur 
S ulfur in fre s h  wat e rs mos t  f r e quent ly oc cur s  a s  t he ani on 
s u lfat e (so4 ) ,  i n  comb i nation with the common cat i o ns , and as hydroge n 
sulfide . Sulfat e ente rs a b ody o f  wat e r  through s oluti on of s ulfat e 
c ompo unds fr om s e di ments or with r ain ( see Rei d ,  1961 ) .  Wi t h  r e s p e c t  
t o  s ource s o f  s ulfate thr ough drai na ge o f  surrounding a r e a s , surfa c e  
waters gene rally c o n tain low conc e ntrati ons , s i n ce sulfat e i s  not hi ghly 
soluble . Ra in co'nta i ns · one t o  two mi lli gr ams of s ulfate pe r li t e r , and 
i n  . c los e d  sys t ems , t hi s  effect , · coupled wi t h  e vapora ti o n ,  i:nay rai se  the 
conc ent rat i on ; i n  s ome a r ea s  ra i n may be the maj or s our ce of the i on 
( se e  Hut chins on , 1957 ) .  Howeve r , the sulfate i o n  i s  ordi na r i ly the 
s e c on d  or thi rd mo st abundant ani on i n  natural wat e r s , although its  
conc e nt r a t i on is u s ua lly found to b e  o nly half of t hat of carbonat e s  
( s ee - Ruttner , 1953 ) . 
T he e colo gi cal i mportance of s ulfate li es in the fact that i t  
i s  a ppare nt ly ne c e s sary for plant growth . Sulfate i s  abs orbed and 
i ncorpor a t e d  i nt o  or gani c c om?ounds ; the most abundant pr oduc ts are 
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sulfur - c on taini ng amino acids (Sali sbury a nd Ros s ,  1969 ) .  A s hort 
supply o f  thi s a ni on can inhibi t the deve lopme nt of phyt oplankt on 
populati ons and , t he re fo re , producti on ( Burns and Ross , 1 972 ) .  
Rei d (1961 ) r e po rt s tha t seasona l fluctuati ons i n  sulfate 
concent rat i ons have been obs erve d .  The s ulfat e r e a c he s  a hi gh i n  
s pring followe d by a de c re a s e  i n  autu.�n ; the de cre as e pos sibly i s  
the re s ult o f  reduct i on t o  sulfi de whi ch i s  t a ke n  up by the bottom 
mud . 
Under anae r obic c o ndi t io ns s ulfat e  is  uti li z e d  i n  t h e  
metab o lism o f  sulfur bact e ri a  ( f or 'e xamp le , Des ulfovibri o 
desulphuri cans ) ,  i n  whi ch the sulfate i s  re duc e d  t o  hydro gen s ulfi de  
{ s ee Sa lle , 1973 ) .  Thi s  may r e sult i n  t he r e s ult o f  phospha t e s  and 
othe r nut ri e nt s  held i n  fe rric iron complexes  (Bur n�> a n d  E os s ,  1 97 2 ) .  
In r e lati on to the s u lfur cycl e , t he r e a cti ons i nvolvi ng 
hydroge n s u lfi de  a re e s s e ntia lly be tween oxi da tion and reduction 
( cycle of c on s umpti on an d  product ion of H2S ) .  The oxi dati on of hydro ­
gen sulfi de by " c olor le s s  s u lfur bacteria1 1  ( for e xample , B e p;giatoa ) 
oc curs whe n ,  i n  the pre s ence of both o xygen and hydrog e n  sulfi de , . 
granules  of e le mental s ulfur a c cumulate s i n  the cel ls of the bac t e ri a .  
Whe n hydro ge n sulfid e in the envi r onme nt i s  deple t e d ,  t he s u lfur in  
the granule s i s  met aboli z e d  a nd sulf uri c a cid re le a s e d  ( s e e  Salle , 
1973 ) : 
2H 2S + o2 
2S + 2H2o + 302 
·:> 2S + n2o + e nergy 
2so) + 4H+ · + e nergy ..+ 
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Ni t r o ge n  
I n  natura l  · waters , the vari ous f orms of ni tr ose n whi. c h  s e rve 
di re c tly o r  indi r e c t ly a s  s our ce s of nitro gen f or bo th plant s  and 
animals ar e ammoni a  ( t--TH3') and arn..'noni um ( NH4 ) ,  ni trate ( NOj ) ,  ni t ri t e  
( N02 ) ,  a nd o rgan ic ni t r o ee n  in prot oplasm, ami no acids , a nd other 
di s s olve d or s us pende d o rgan i c  compounds (McCarty, 1966 ) . A ll the s e  
f orms a re i nt e rre lat e d  in a s e ri e s  o f  r e a c t i on s ,  the ni tro ge n  cyc le . 
Fi gure 1 repre s e nt s  a s i mplifie d ve rsi on of t he r ea c t i o ns i nvo lv e d  
i n  the i nt e r c onve r s i o ns b etwe e n  t he organi c and t he i no r gani c ni t r o ger:i 
forms ( a ft e r  B r e z oni k ,  197 2 ) .  
The organic ni trogenous c omp ound s may o c cur in s ig ni fi cant 
conc e ntrati ons in s o lution or s us p e ns i o n  a nd are c ons i de re d  very 
s i g nific ant b e caus e t hey are found a s  compone nt s of all living organ-
i s ms .  Among· t he  nume rous c ompounds of n'l t r ogen , and of primary 
con ce rn i n  wat e r  quality, are the hi ghly so luble inor ga ni c s pe ci es : 
ammonium, ni trate and nit ri t e  (McCarty, 1970 ) .  A ll of t he s e  i norganic 
forms are readily us ed by phyto plankton for gr owth (Flai c; and Rei d ,  
19.54 ) .  
'.-Te lc h ( 1952 ) ob s e rved t hat fre e  ammo nia oc cur s in s mall 
amount s in unmodi fied na.tur a l  bo die s of wat e r  as a r e s ult of  organic 
de cay in th e s umme r ;  the c oncentra t i ons j ncI"e m 3 e  wi th d e pth . Ewi n g  
and Dori s ( 197 0 )  found t h:J.t amm·oni a  i n  a rt:i.i'i d a l  pond s cxhi bi t e d  
s eas o m l  fluc tuati ons wi th maxima o c c uri ng at th e  e nd of s umme r .  
has a ls o  bee n  f ound that ammonia in s urface wat e r s  de c re a s e s  r,.;.Lt.h 
I +  ' v 
incr e a s e s  i n  ph;yto p la nkt on ( DoYQogolla and F r e d ,  19 2  /u. • -, ,rl· 1 1, .. , ""'"' 1 q(, 9 ) ' . J  ...... . ..i.. a. . . .  �:) , � · · ._,. • 
�Ti trat e (and phos phorus ) a ls o  followe d the same varia ti o ns  a s  anmo ni a .  
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Fig . 1 . S imp l i f i ed ni tro gen cyc l e  showing main rno lecular trans formations : 1 .  n i trate a s s imi l a !: ion ,  
2 .  ammonia a s s imi l a t ion , 3 .  ammon i f ic a t ion , l� . n i t r i f i c a t io n ,  5 .  deni t r i f i c a t i o n ,  6 .  ni tro gen 
f ix a t ion (After Brez6nik , P . L .  1 9 7 2 . Nitr0gen : s o ur c e s  and tran s fo rmat ions in natural wa t er s . 
In , Nutrient s in Na tural Waters . J .  W i l ey and Sons , New Yo rk .  457 -; • ). 
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Cons i derab le  s eas onal fluctuati o n s  o f  nitrat e has been obs erve d by 
Sawye r ( 1947 ) ,  who f ound mini mur.: ni trate c onc entrati o:'ls dur ing late 
s umme r a nd e ar ly fa ll, at tr ibut ing the s e  lower leve ls to phytoplankton 
uti li z at i o n .  :Maximum nit rate leve ls in I l lj no is  s treams have be on 
obs e rve d during lat e wi nt e r  and early s prin g .  The hi gh nitrat e con­
c e nt rati ons of the s t r eams is as s o ciat e d  wi th areas  of i nt ense a gri cul­
ture (Harme s o n  and La r s e n ,  197 0) . 
Ni tri fi c ati on ( re duct i on of ammoni um to rri tri t <� ,  t hen t o  
ni trate ) i n  na t ur al ;raters oc c urs i n  the pre s ence o f  o :xygsn ( se c  ftuttne r ,  
1953 ) .  Due to  it s t ra nsi t o ry  s tate and instabi li ty as  a n  i on,  ni t ri t e  
normally o c cur s  i n  r e lativ e ]y  low c oncentrations and i s , th erefore , oi' 
}j ttle i mpor tan ce i n  nat ura l wat e r s  (McCa rty , 1970 ) .  
Anaba e na and oth er s pe ci e s  of blue-green a lgae and s o me 
ba cteri a are capab le o f  fi xi ng ni tr o ge n  (Hutchinson·, 1957 ; Sa1rqer , 
1966; Salle , 1973 ) .  Mac ke nt hun, et . a l .  ( 1964 ) , b e li eve that as f ixed 
nitrogen e nt e rs a body of wate r  it i s  i nc o rp o rat e d  int o  t he bioma s s  as 
pr ot e i n .  Upo n  death or e xcre t i on ,  ni tro ge n  i s  libe rated for reus e . 
H owever , during thi s pro c e s s  s ome nitro ge n  i s  lost due to de ni trifi ca­
ti on, diffusion of volatile ni troge n c ompounds to the s urface "'ater , 
and f ormat i on of s ediments . 
S awyer ( 1947 ) found that alga l  b lo oms can be e xp e c t e d  whe n  
i norgani c ni tr o ge n  e xce e ds O. J mg/l .  I f  a c oncentrat ion of 0 . 3 r.:g/l 
we r e  prese nt during s prin g overturn , a lga l b looms c ould be expe cted 
late r  i n  the year (Sawyer,  1952 ) .  Pr e s c ot t  ( 19) : 8 )  obs e rve d  that 
bodies  of wat er we ll s uppli e d  wi th nit rat es  have produ ce d la. rce !'hyt.o­
p la nkt o n  b lo oms . HcCombi e ( 1953 ) po:i. nt ed o ut  tha t ni t ro g e n i s  a n  
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1 nlportant li nk in t he c hloro phyll mole cule and that a ni tro r,e n  
d e fi ci e ncy c o uld re sult i n  li mi ti ng t he numbers of phytoplankto n.  
Mac kent hum e t . a l .  ( 1964 ) ,  sugge s t e d  t hat a c ont inua l nutr i e nt sup ply 
i s  not ne eded f or a lgal pr odu cti on . A ft e r  ini t i al s timulus , the 
re cyc li ng of n utr i e nts wi thin a bod� o f  wa te r i s  suffi ci ent to  promote 
a lga l b lo oms f or a numbe r o f  ye ars with li tt le i nflow from outsi de 
sour c e s . 
Phos ohorus 
Phos p horus i s  the s e con d of th e two e lements cons id ered to  be 
o f  p ri me importance i n  pro ductivi ty studi es ;  the other is nitr oge n 
(Fruh , et . a l . , 1966 ) .  Many r e s ear c he rs have i ndi cate d t hat of a l l  
e s s ential e leme nt s r equi r e d  f or phyt opla nkt on g r owth , the s e  two are 
li ke ly to b e  in limi t e d  supply in na tural wate rs , pri ma ri ly due to 
the fact that the y di s s o lv e  to a le s s e r  ext e nt than many nutri e nts . 
( Pre s cott , 1939 ; S awye r ,  1947 ; Mcc ombi e , 19.53 ; Hut chi nson , 1957 ) .  
We lch ( 1952 )  li s ts the forms of phos phorus oc curi n g  i n  surface 
wate r s  as phos phat e and orga ni c  phosphorus ( phos phorus t ie d  up iri 
living mat ter arrl oth e r  o r gani c rr�teria l ) . Di s s o lve d pho s phorus may .  
e xi s t  i n  aque ous s o lut i on as : ( 1 ) ortho pho s p ha t e - -POL,3 ,  H?Oh2 , 
Hlo4, and H3Po4 ; ( 2 ) o th e r comple x or condens e d  pho s phates ; 
( 3 ) tet rametapho s phates ; and ( 4 ) organi c phos phat es . H�id (J.961 ) 
consi ders t o ta l  phosp horus as all phosphorus obtained by a c id d i g ,; s t i o n  
f rom a non-fi lte r e d  sample . However , a lmost no i nf o rrr�ti on i s  avai l-
ab le to i de ntify the s p e cifi c c omp ounds or grou ps of com po uo(lS t h at 
may m ake up t he dis so lved orga ni c  phos f1horus f ra ctl on :i.n natural 
waters (McCarty, 1970 ) . 
Hutchi nson ( 1957 ) in di s c us s ing the pho s phorus cyc le i n  lakes  
employs the f ollowing four cate gori e s : ( 1 )  s o luble phos phate pho s -
phorus , ( 2 )  acid- s o lub le s us pend e d  ( s e stonic ) phosphorus , ( 3 )  o r gani c  
soluble and colloi dal phos phorus , and ( 4 ) orga ni c  se s t o ni c  phosphoru s .  
S oluble phos phorus i n  f r e shwa t e r  i s  b e l ieve d  to exi s t  a s  ort hopho s -
phate a nd ,  a lthough thi s f o rrn  repre s ent s o nly a s ma l l  fracti on o f  t he 
total phos phoru s ,  i t  i s  the e s s e ntial nutrie nt for p lant and animal 
life ( from Rei d,  1961 ) .  
T he phos phorus cycl e ,  i ncluding tur nover time s  ( exchange 
rat e s  in the wat e r  phas e a r e  probab ly c o ns t a n t  wit hin la kes in general ) ,  
i s  pres e nt ed i n  Fi gure 2 .  Of parti 9ular i ntere s t  i s  t he rate an d com-
pe t i t i on among s evera l factor s for t he upt a ke  of i norgan i c  phosp�� te . 
Re id ( 1961 ) states that o ve r  95 percent of the ori gi na l  radi ophosp horus 
i ntr oduced i n  laboratory e xperiment s may be taken up wit hi n  2 0  mi nut es  
. by phyt oplankt on and bacteri a ;  the  turnove r tim e of the i nor ga ni c 
fraction of the e pi Umni on i s  abo ut five mi nut e s . C e rtai n phyto plankton 
can c o nvert i norgan i c  ph osphate to the org�nic s tat e i n  le s s  t han one 
mi nute . Howeve r ,  ab ou t f our pe rcent of the phyt opla nkt on c e lls that · 
take up i norgani c phospha te are s e dime nt e d  t o  the bottom each day 
( f ro m  Hutchi ns on , 1 957 ) .  I norgan i c  reactions i nvolv e d  in the upta ke 
of i nor gani c phos phate at the b ottom pr oce e ds wh en bac t e r i a l  a ctivi ty 
i s  inhi bit e d ,  and the rate of r e t ur n  t o  the wa t e r  i s  much s lowe r  than 
the t urnove r from t he wat e r  ( e . g . , Haye s an d Phi lli ps , 1958 ) .  
I t  was found that b a c t e r i a  t a ke up large a mounts of i nor gani c 
phos phat e by ass imilation or by c onve rs i on t o  the o r gani c f racti on ,  
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. ,,.- . Zoop l ankton 
/ � ·  d' /  ,,, , / 
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5 min p hytop l ankton 
�----·=�- ----�r ...... --iZWL•and b a c t e r i a  
W a t e r  
Mud 
S ed imentat ion · 
4 % per d ay 
J, 
F ig . 2 .  The phosphorus cycle in a lake . Turnover t ime s fo r the various 
equilibria are shown . The b o ld s o l id l in e s  ind i c a t e  the f i r s t  
react ion with fl oating cel ls with t ime shown i n  minu t e s . Al l 
other times are given in days . The l i ghter s o l id l ine s are 
reactions at intenned iate rates , on the o rder o f  two or three t ime s 
slower than the initia l  r e a c t ion . The dashed l ine shows the r e t�rn 
from mud by inorganic release , a much s lower turnover . The do t ted 
lines at upper left indicate, · reactions too s l ow to mea s ur e , b e ing 
in finitely 1 slow by compari son with the others . (Aft er Hayes , F . R .  
and J . E .  Ph i l lips . 195 8 . Lake water and s ed iment , IV. rad iopho s ­
phorus equ i l ibrium wi th mud , p lants , and bacteria under oxid i zed 
cond i t ion s � -L imno l . O c eang . ,  3 : 459 -475 . )  
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and t he r eby r ende r i t  unavai lab le f o r  us e by t he phyt oplankt on ( see 
Rei d ,  1961 ) .  I n  t he absence of bacteria , t he rate of uptake o f  
pho sphat e  by a lgae is v e r y  hi gh . However , the e xt ent of thi s c om pe ti -
ti on i s  di ffi cult t o  a s s e s s  due t o  th e s cant i nfo rma ti o n  avai lab le c o n-
c e rning the phos phorus requi rements i n  the mai ntenance of natu ra l popu-
lati ons of various a lgal s p e ci e s . 
Hutchinson ( 1957 ) ha s de s crib e d  the phos phorus cyc le dur i n g  
summer s trat if i cati on a s  fo llows : 
1 .  Libe rat ion o f  phos pho rus int o the e pi limni on from the 
li ttoral z o ne ,  p ri nu.r i 1y by de cay of li ttoral ve get ati on . 
2 .  Uptake of p hosphorus f rom wat e r  by li t toral ve getati on . 
3 . Uptake of li be ra t e d  p ho s phorus by phyt o plan kt on .  
h .  Los s of phos phorus a s  a s o lub le co mpound by phyt o­
p la nkt o n ,  pr obably followed by s low r e ge nerati on 
of i oni c  phosphate .  
5. S e di me ntati on of phytoplankt on and oth e r  phosphorus ­
containing s e s t on,  perhap s mos t ly as  fe cal pe llets , 
i nto the hypo li mni o n .  
· 
6 .  Lib e rati on of phosphor us f r om i t s  s e diment j_n g s e s ton 
i n  tbe hypolimni on o r  at t he bottom . 
7 .  Di ffusi on of phos phorus from s e di me nt s  i nto wa t e r  a t  
t hos e d e pths at wh:..ch the s up erfi c i al layer of mud lac ks 
an oxi di z e d  mi crolaye r o 
I n  de s cribi ng a me chani sm by whi ch s o luble and ins o lub le phos p horus 
s e di ment s on the bottom mi gh t  be di s t ribut e d  to t he e pi limni on,  l0fr1cken-
thun e t . a l .  ( 1964 )  stat e t hat in t he abs ence of O)cyge n ,  the r educt i on 
of i r o n  from the f erri c t o  the fe rrous s tate a llows phos phate to G o  
i nt o  s o1utj_o n .  Harter ( 1968 ) found that sediments o f  eut r op h � c  Ja ke s  
ca r. tra p and temporari ly hold c ons ide rab le amounts of 1o os e �y- bound 
ph0s phorus , and s ubs eque ntly r eleas e i t  for us e by the devc 
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phyt oplankt on .  He f u rther indi cates t hat la rge amounts o f  de posi t e d  
p hos phorus i n  the s pring may b e  re leas ed duri ng t h e  s um er . A nother 
me chanis m may be that in t he p re s en ce of hydroge n  s ulfi de , i ron pre-
ci pi ta t i o n  may a l low the r e lea s e  of phos phates  (Hutchins on , 1957 ) .  
Sawyer ( 1947 ) f ound that nui sanc e a lga l blo oms can be 
expe cte d whe n total pho s phor us exc e e ds 0. 01 mg/l ( and ,  a s  i ndicated 
e ar D e r ,  wh en inorgani c ni t r oge n exc e e ds 0 . 3 mg/l ) .  Ci rcu lat i on 
of inorganic p ho s phorus i n  p'onds not d e ep enough to pro du c e  a thermo -
cli ne may be a maj or  cause of blooms s i nc e  t hi s  allows for a c onti n-
uous s upply o f  phospho r us (Sawyer , ' 1 952 ) .  
SaW:;re r  ( 1966 ) a ls o  s tate d t hat a d e qua t e  s uppli e s  of 
pho sphorus s e em t o  be s t imulating t o  nitro ge n fixing b lue - gr e e n  algae 
a n d  t he r e fo r e ,  may be of ke y importan ce i n  bio lo gi ca l  productivity. 
As menti o ne d  e arli er in t he di s cus sio n  o n  rri t r o ge n ,  
Ma cke nt hun e t  al.  ( 1964 )  s u gge s t e d  that a c o nti nua l nutri e nt s upply 
i s  not ne eded f or alga l  producti on and th at the r e cyc li ng .of nutri ents 
i s  s uffi c i e nt to pro mot e a lgal b looms for a nwnbe r of years wi th 
lit t le i nf low f r om outsid e s our ce s . Simi lar ly,  Armita ge ( 1962 ) 
sugge s t e d  t hat phos phat e concent rati ons a ls o  i nflue nce phyt oplankton 
blooms , but found it i mp o s s i ble to demons t rate Mac ke nthun 1 s  hypo-
, -
t he s i s  w:i th regard t o  phos phorus be caus e  of the vari ed r e s pons e s  t o  
phosphat e and the la g e ffe ct between i ntro ducti o n  and growt h .  Thi s  
i s  c onfusi ng , si nce Ri g ler ( 1964 ) demo ns trate d  r ap i d  turnover of 
s o luble pho sphat e by phyt op lankt on .  The a ve ra ge time duri ng E;U.lTltner 
ranged f rom 1 0 9 t o  7 . 5  minut e s , and from 7 . 0 t o 10, 000 minut es  durin g 
wi nt e r . 
B i o logi ca l Parameters 
Bi ologi c a l  Productivity: 
Raymont ( 1963 ) states that the e c o l o gi cal impor t ance of 
phyt oplankton populat i o ns in a body of wat e r  li es  in the fact tr1at 
they r e pr e s e nt the fi rs t link in the primary f o od chai n from i norgani c 
t o  or gani c s ub s ta nce s ,  tha t  i s ,  they are t he primary pr oduc e rs . The 
re latively hi gh rate of re producti on ( and turnover ) me a ns that re la­
ti vc ly hi gh numbers of c e l ls can b e, bui lt up in a short pe ri od of 
time (Fogg,  1953 ) .  H oweve r ,  a lthough la rge r s tandi ng c r ops genera lly 
tend t o  have hi gh producti vity, i t  is t he rat e of producti on o f  
organi c  mat e ria l whi ch ult i�4 t e ly det e rrrQ ne s  the pri rrary pr oducti on 
o f  a n  a r e a  ( C larke , 1946 ) .  
Primary produc ti vi ty of a n  ecological system has been defined 
b y  Odum ( 1971 ) a s  " t he rat e a t  whi c h  radi ant ene r gy is s t or e s  by th e 
phot osyntheti c • • • a ctivi ty of pro duc e r  organi sms • • • i n  t he form 
of o rga nic s ub s tan ce s  which can b e  us e d  a s  f o od mat erials n ( s ee Fi gure 
3 ) .  He di s ti ngui s he s  betwe e n  t he f our s uc c e s sive s t e ps involve d i. n 
the proce s s  of product i o n  in the fo llowi ng manne r : ( 1 )  gr os s pri mary 
pro ductivi ty, the t otal rate of phot o synthe s i s  whi ch a l s o  include s  the 
organi c matter us ed i n  r e s pi rati on ;  ( 2 ) ne t pri'mary produc tivi ty , 
the rate of orga ni c  matter s tore d  i n  exce s s  of that us ed i n  re spira­
ti on ; ( 3 )  ne t  c ommuni ty p ro duc ti on , t he rate of s t orage of organi c 
mat e ria l no t us ed by heterot rophs --
Net community pr oductivi ty = net pri rr.ary producti on 
heterotrophi c  co ns umpti on ; 
ma t t e r  
Hea t 
F i g . 3 .  Energy £ l o •• C: :i a gram o f  a c onunun i ty : P = gro s n  p r imary produc tion ; PN = ne t p r imary produc t ion ; 
and P2 , ?3 , :? 4 , and P5 = s e cond ary prod u c t ion at t he var i o u s  l eve l s  (A fter  Odum,  ·E . P .  1 9 5 9 . · 
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and ( Li )  s e co nd ary produc ti vity, t he rat e s  a t  whi c h  ene rgy is · s t ore d 
at t h e  c ons umer l eve l .  T t  s ho uld b e  not e d  that in de fining e a ch  
o f  the four s uc c e s sive steps i n  t he producti on p ro c e s s -,- - t he wo rd rat e 
has be en used . Odum ( 1971 )  expr e s s e s  that in bi olo c.:i. ca l c orrmmr.i t i e s  
the oro c e s s  o f  p ro ducti on i s  c o nti nu ous and t he e lement of t ime must 
be c ons i der ed ( amount of orga ni c  ma tt e r  manufac t ure d per day or per 
year ) .  
I n  nature most kinds of producti on r e su lt in new prot o��lasm . 
Odum ( 197 1 )  gives t he f o llowi ng equati on of producti vity b a s e d  on 
t r.ce  rat i o s  of e lemen ts i n ,  and ene rgy cont e nt of , protoplasm as 
report e d  by Sverdrup , J ohns on, and F le mi ng ( 1942 ) a nd C lark ( 1948 ) :  
1, 300, 000 Ca l .  ra dia nt e ne r gy + 106 co2 + 90 H 2 o  
+ 16 N03 + 1 Po4 + minera l e lement s  = 
i3 ; 000 Cal .  potential ene r gy  i n  3258 gms 
protoplasm ( 106C , 180H , 46 O ,  16N , lP , 815 gms 
mi nera l ash) + 154 o2 + 1 , 2 8 7 , 000 Ca l .  dis pers ed 
he at e n e rgy ( 9 9% ) . 
Odum (197 1 )  furthe r s t a t e s  t hat "equations s uch as  t hi s  can b e  u s e d  to 
con ve rt ( and t o  ch e c k  a gains t  one another ) product:i vi ty measureme nt s 
be tween uni ts of e ne rgy, c arb on di oxi de ,  ni trate a n d  phos phate uti li za­
t i o n ,  p ro t opla s m  wei g ht ( or the amount of carbon put in t ho f orn of 
food ) ,  and t he amount of oxyge n us ed . 1 1 
I n  t e rms or productivi ty of a pa rti c u la r  body of wat e r ,  t he 
. e c o s ys t e m  is  said t o  be i n  dynan:i:i c e qui l �  brium o r  a 11 steady s ta t e 1 1 
( s ee  Reid , 1961 ) .  Whe n t he e co l osical sys tem is i n  a s t eady :::; t<, t o , 
the i nfl ow of mate ri a ls a nd e ne rgy balance the out f lo 'vs r.;'"i th t 1 ;(; 2rd;e 
of prod uction b e i ng determi n e d  by the limiti ng factor . rnw n the 
JO  
sys t em i s  i n  dynami c equi li bri um , the rate o f  p ro duct i on i s  changi ng . 
I n  thi s case t here i s  no mi nimum li mi t i ng cons t i t uent since the rate 
of pro d ucti on i s  n ow influe nce d  by all constitue nts . 'l'he rates c on-
stant ly chan ge unt i l  s omethi ng e l s e  in t he s ys tem become s limi ti ng 
agai n.  Odum ( 1971 ) stat e s  that " i n  mos t  natural wat e r s  the pro duct-
i on rate pas s e s  from o n e  t e mporary st e ady-state e qui lib ri um to 
a nothe r b e caus e of c ha nge s im pos e d  o n  the s ys t em from the outs ide . 1 1  
A s  c an be s e e n  f r o m  the fo llowi ng more s implif?-:�_c1 , ove rall 
e quation of photosynthe s i s  ( from Hut chinson,  1 967 ) :  
6 co2 + 12 H20 li ght ) C6H1206 + " 6  H20 + 6 02 , c hlor ophyll 
the re exi s t s  a n  e quiva le nce betwe en oxygen and food pr oduc ed . I n  t he 
" li ght -and-dar k b o t t le metho d" deve lope d by Gaarde r a nd Gran i n  1927 
oxygen prod uction is us ed a s  a bas is  fo r d e t e rmi ni ng productJ. vi  ty 
( se e  S ta ndard l"Tet hods for the Exami nati o n  of \1!at e r  and :·Ja s t ewa t e r , 1971 ) .  
. � �- -- -� 
T o  det ermi ne gros s primary pr oduc ti on fo r a 2 L.-hour peri o d ,  �he f i na l  
oxygen c o nce ntrati on ( mg 02/l ) in t h e  dark bottle i s  s ubtra c t e d  from 
that in the li ght bottle (i . e . , add re s pi rati on a nd ne t pro du ction 
t o g e the r ) . The gr os s  primary pr odu ctivity i s  then expre s s e d  as  
mg o2/l/day or , si nce t he oxygen r e leas e d  i s  pro porti ona l to  the dry 
matter p ro du c e d ,  b y  the appropri ate c omput a ti on ( from S t andard Me t ho d s ,  
197 1 ) :  
mg carbon fixe d/m3/ctay = mg oxygen/l/day x 12/32 x 1000, 
the r e su lt s can b e  expr e s s e d  a s  mg C/m3/day. 
Tt has be en f ound that the a ct iv:i t y, growth rate , a nd pro duc ti on 
of t he t ot a l  phytophnkt on bi ol:'.a. s s  d ll vary a c cordi r.g t o  the s i z E:  of 
31 
with ce ll n�er a nd  cell vol�e �  Rhode ( 1948 )  found that microa lgae 
(nannoplankton) were r.esponsible for half the photosynthe sis i n  
· · natural waters . However , �t has been e stimated that the s e  phyto­
plankton generally a ccount for le ss than 10 percent of ' the t otal algal 
. :populati on a nd ,  based. 
· o n  thei r high surface to cell . volume ratio , 
' , ·  
< are hi ghly active per unit mass ( Lund, 1965 ) .  I n  experi ments whi ch 
· "" ' !. ' 
demonstrated that the rate .  ot res p\.ratio n o f  phyto plankt on inc reas ed 
� , ' " 
. �s the perce nt �turation of oxygen in water il'lcreased, . no relati onshi p 
. • '  ' . 
. . 
. . : was established between rat� or respir'ation and. such factors as number 
. ··. ' . ' ' · . � . : "' . .  
·. or cells , c ell volume , · or surface area ( Gessner, Fritz ,  and Panni er , 
. .. 1958 ) . 
Margalef ( 1958 ) has suggested from studies of organic production 
; ; · that phytoplankton s'uccessi on and the resulting diversifi cation which 
; 
'
usually occurs in natural waters ofte n ' i ncreas e s  ' the stabfli ty of the 
ecosystem at the expense of primary prodQ.Cti on _.  However , in most 
', ·. fe rtile attuatic ecosystems production exceeds . r·espiration (at le ast ' 
: seas onally ) wi th the ' result. that ;organic matter i s  :either stor.ed or 
' 
exported ( see Odum, 1961 ) .  OdUm and Odum ( 1955 ) expre s s  that t he re is 
< not hi ng in nature to indi cate that hi gh ferti lity must ' necessari ly le ad 
:/:· :'to blooms but , a s  estab lish,ed by Munawar , Verdiun, and Fatima ( 1972 ) ,  
. there are . l ar ge diffe re nces among the ·  distinct c ommUniti e s  which ari se 
. in th�ir natural environments . . When b looms ot one of these communi ties 
/ C)C curs , it, is viewed ·aa an., imba�nde . between· pl'oduction and consumpti on 
, ; • 
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and a s  Odum ( 1961 ) has expr e s s e d  i t  " a  sort of c a nc e r  i n  the meta-
b olism o f  Nature . "  
In evaluating the ro le of nut ri e nt s  i n  re gula tin g the product-
ivi ty of aquatic e cosystems , t he c on ce pt of li miti ng fact ors has be en 
us e d  rat her extensi vely (Fuhs , e t .  a l . , 1972 ) .  H owever , Go ldman 
( 197 2 ) expr es se s that due to mult iple re s pons e s  it tt s hould not b e  
a pp Ji e d  t o o  ri gidly: · F or e xamp le , h e  has found that a lga l e nz;yme 
, systems may be s imultane ou s ly li rr� t e d  by more than a s i ng le nutri ent . 
S t e e le ( 1962 ) ,  Ri le y ( 1963 ) ,  and Du gda le ( 1967 ) have s ugge s t e d  t he 
us e o f  mathemati cal mode ls i n  s tud;fing the role nutri ent s  play i n  
re gulating pro ductivi ty .  I n  developing a mode l t o  gai n some i nsi g ht 
i nto the e ffects of nut rient limi tati on s , Dugdale ( 1967 ) a s s u.rne s  the 
existence of a s t eady-state e qui libriurn at a l l  t imes w.i t h  no r e 8e r.e ra-
tio n ( nutrient s  s uppli e d  from be low ) . I-iowever , as Goldman ( 1972 ) 
sugge s t s , s ince many f re s hwat e r  e c osys t ems r e c e ive nutri e nt s  from a 
va ri e t y o f  s urfa ce and s ubsurface inflows , Dugc1ale 1 s  a s s umpti ons a re 
no t valid . Due t o  th e diffi culty i n  c al culat ing the nutrient }_nnu t 
into the epi li mni on ,  and the difficu lty in developing product ivi ty 
mode ls for entire e c osystems ,  Wa ls h ( 197 1 )  re commend s  more attent ion · 
be  devot e d  t o  s ubrr.od e l s  t ha t  emp ha s i z e  re cyc li ng ti me and e ffi ciency. 
T o  gai n  insight i nto the nutri ents ( and oth er habi tat variable s )  w:-1i c h  
a r e  of r elative i mpo rtance in  bui ldi ng submode ls , Dugdale and Wa ls h  
( 1971)  s u g ge s t  the us e of multivari ate s tati s ti cal a nalys e s  ( such a s  
s t e pwi s e  mu lt i ple linear re gre s s i on analys i s ) .  
B a c.tc ri.a  
t. 2 .1 natural lake s  and oonds r- .�·- -,, . , . .. _ .. \�I <• ' 
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all part s o f  each lake ( from Rei d ,  1961 ) . Ope n wate r  c ontai ns them 
at all de pths , maki ng up a n  important pa rt o f  the nanno plankt on 
( from S alle , 1973 ) .  Welch ( 1952 ) cat e go ri z e s  indi genous bacteria 
( i . e . , b acteria wM. ch no rmally o c cur in natura l wat e r s ; e xc luding 
polluti on-re late d  ba c t e ri a ) und er thre e mai n he adings : ( 1 )  planktoni c ;, 
s us pende d i n  open wate r ;  ( 2 ) ben t honic , living in and on the b ot t om ;  
an d  ( j )  p e ri phytic , attache d  to s ubme r g e d  obj e ct s  or submerged ve ge -
tat i on. 
Based on oxygen r e qui reme nts , fre shwat er bacteria are ae robi c , 
facultati ve ly anaerobi c ,  or oblig ate ly a naerobi c . B i g e low ( 1931 ) 
c lai ms that the imp orta nt d is t i nc t ion be twe e n  a e robi c and anaerobi c 
bact e ria i s  bas ed on t he carbon di oxi de t e ns i on rathe r than o n  the 
oxygen t e nsion . 
The greate s t  e c o lo gi c a l  function of bacte ria i n  the e c osys t e m  
lie s  i n  thei r i nvolvement i n  mi neral r e generation; t h e  c a rb on cycle , 
the ni t r <?gen cycle , the phos phorus cyc le , and t he sulfur cycle ( from 
Mc C oy a nd S arle s ,  1970 ) .  A s  i mpli cat e d  by Birge i s  ( 1922 ) ,  con c e pt 
(i . e . ,  1 i bacteria s t a nd at tha base o f  the fe rti li ty o f  lake s , 11 as they 
a ls o  do i n  s oi ls ) the t w o  main: fun c t i ons of ba c t e ri a  i n  r e lati on t o  
t he organic sys tems o f  a lake ar e as  follows ( f rom Mc Coy and Sar le s , 
1970 ) :  
1 .  
2 .  
Bacteri a  a r e respons ible for the r e turn of dead 
organic mat t e r  t o  the s o lub le s tate . If thi s pro ­
c e s s di d not o c cur , all the carbon of t hs wo rld 
would s oon be ti e d  up in a n  or gani c state i n  dead 
ti s sue s , t hereby , sto pping phot os ynthesis  for la ck 
f '"' rl  0 l•' -2 • 
Bacteri a a rc r e s pons ible for the r etur!'l of  s oluble 
o r ga ni c  ffJ.trie nt s to the bi olo e;i c a l  syste m .  By u s :i :t G  
such nutrie nts j_ n the i r  o wn  growth , he t.e rotropti c 
bact eria be come pa rt i c u late rn:-:i.tt e r , the reby, tc:; ic  :' '  t ­
ti ng the r e st of the cornmunj t y  throu gl": t he £' ood c : " .:; :·, . 
A s  a r e s ult of bac t e ri al a cti vi ty, organ i c  nutri e nts  a r e  
re le a s ed from dead organi c  mat t e r . H e t e rotro phi c bact e r i a  th en 
consume much of the soluble pro du c t s  so as  t o  benefit the phytopl.ank-
ton by r e lease of carbon as co2 and by mi nerali zation of organi c 
· t NH4+ or i,o- d · ' h po-m r ogen as i.'� 3 ,  a n  or gani c pnosp .orus as 4 
and S a rle s , 1970 ) . 
( see HcCoy 
I t  i s  li ke ly that bacteria in aquati c envi r o nme n t s  function 
not only a s  de compos e rs and mine ra li z e rs ,  but t he y  may a ls o  e xi s t  at 
an early p la ce in the food chain ( see  B ro c k, 1966 ) .  Even at  the 
early e nt ry into t he f o o d  chain , tlie bac t e ri a  s t i ll provi de c onsi der-
able food f or late r trophi c  le ve ls . As shown i n  Fi gure h ,  McC oy a nd 
Sarle s  ( 1970 )  di agram the nutri e nt and orfani s ma l  balance of a lake 
as a uni lat eral triangle . T he y  s tate that when the nutrient leve ls 
are s ma ll, the tri angle is s�al l ,  and though t he f orms of li f e  are 
numerically r e s t ri c t e d ,  the s ystem is in balance . As nutrient le ve ls 
increas e the trian gle becomes longer,  but s t i ll in ba la nce . H o·,;ever , 
i n  late eutro phi cat i on , t he balanc e i s  lost , a nd the nutrient s  
a c cumulat e  in exce s s  o f  th e  annual turno ve r b y  t he ba cteri a .  Thi s  i s  
represented b y  extendi ng the t ri a ngle b e yond the poi nt of balance of 
plant and ani mal p opulat i ons that the limit e d  bacteri al po pulati on 
can support . 
I t  has b e en s uggested tha t bact eria whi ch a dhere t o  the phyto-
plankton modi fy t he s e ce lls , eithe r by parti ally di gesti ng them o r  
by pro ducing vit ami ns , s o  t hat t he a lgae may be come more vulne r.:ible 
to graz:i n G  by zooplankton ( s ee Br ock, 1966 ) . Gunnis on and A lo xand er 
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F i g . 4. Organ i sma l and nutr i ent b a l anc e in l ake s und e r g o ini 
eu trophi c a t ion (A f t e r  Mc Coy , E . , and W . B ;  S ar l e s . 1 9 6 9 . 
In ; E utrophi c a t ion : c au s e s , c on s equenc e s , c o rr e c t iv e s . 
· Na t ional Ac ademy� o f  S c i enc e s , Wa s hing ton , D . C .  6 6 1  p . )  
J.5 
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c ontrol me chani sms which li mi t  a lga l gro wt h  under norma l co ndi ti ons 
or caus e the sudd e n  termination of aquatic b looms . However , bacteri a 
may a ls o  be re s po ns ible fo r the s ynthe s i s  of nutriti onal i nadequacies 
( " growth factors " ) o f  t h e  a lgae . 
T homas ( 1970 ) inv e s ti gat e d  the effe ct o f  phos phat e  on 
bacteri a in re lation to a lgae aft e r  B o s s e t  ( 1965 ) had s hmm that 
b a c t e r i a l  numbers i nc reas e d  greatly due to  the addition of phos phat e s . 
T homas has f ound t hat mos t f re s hwa t e r  algae use growth fact o r s  and 
that the re are nume rous bacteri a  in water whi c h  are able t o  p r oduce 
s uch grm·rth fa ct ors . T hrough expe rime nta l laborat ory work he found 
that such bacteria we re a ls o  s timulated by increa s e d  addi t:i o n of  
phos phat e s  a nd sugge s t e d  t h e  followi ng me cha ni s m :  
Incre a s e  i n  phosphat e s  
Increase i n  ba c t e ri a l  cont e nt 
Incr eas e i n  pro ducti on of growth fa cto rs for algae 
Increase in growth of algae 
Increase  in produ ctivity o f  n atural wate rs . 
Phyto olankt on 
The great e st part of the phot o s ynthetic ( produce r ) leve l of 
fres h-wate r  e nvi r o nme nts (i n  a ll b ut the shallowe s t  la ke s ) cons i s t s  of 
the phyt oplankt on ( from Hutchi ns on, 1967 ) .  T he refo re , to a ve ry la r ge 
extent , the re s t - of th e c o��.unit y  i s  depe nde nt upon the s e  o r ga ni swB . 
T he natur e and distributi on of the phytoplankton i s  r e gulated 
by t he c ondi ti ons o f  the e nvi r onme nt to  whi ch the s e  organi s ms must 
adjust . The fac t or s r e s ponsible f or _ . the c onditi o ns whi ch prevai l 
in u natura l bo dy of wat e r  vary with time a nd  i n  te rms <:f amounts 
and de gre e , " wi th the re sult that vari ous type s of re c ogni z ed habitats 
and di fferent clas ses  of ' co ndi tions ' mu st b e  ta ke n  i !'lto .:i. c co u nt . 1 1 
( Pr e s cot t , 1968 ) .  
Pre s c o t t  ( 1968 ) li s ts t he followi ng e cologi cal  fa ctors wh ich 
are important in determini ng the sele ction of vari o us phyt oplar.kt on 
present at any gi ven time : 
1 .  
2 .. 
3 .  
I 
J� . •  .., '.:> .  
6 .  
7 . 
8 .  
Chemi c a l element s  di s s olved i n  wat er ( su ch a s , rmtri en:,s , 
vi tarrJ_ns , s a it s  and mine rals , antib i o ti cs and t oxi ns ) .  
Gas es ( o2 ,  C02 ) i n  so lution or  i n  the a tmosphe 1·e .  
Temperature ( varia ti ons , range , rat e  of chanc;e ) .  
Li ght (:i. ntensi ty, durat ion,  qua li ty, a nd per,i odic ity ) . 
Hate r  current s ( durati o n  a nd int e nsity)  • 
Phys:i. oGraphy ( s hape of b a s i n , s hore - l i ne c onfi. gurati ons , et c . ) .  
Subst rat e ( chemistry and physic s ) .  . 
Bi ologic a l  factor s ( gra z i nr; ,  compe ti tors , anta go ni smc; , e tc . ) .  
Fi gure 5 re pre sents the cha racte ri s ti c  s easona J.  '.'aria tion i n  
populati o n  densi ty o f  iimneti c phyt oplankt on s o  t ypi c a l  i n  n or t hern 
t e mperate lake s (after  Odum, 1971 ) .  I n  po nds and la ke s in t empe rate 
re gions t he re is usually a s pring b loom a nd anothe r, us ua lly s ma lle r 
bloom i n  autumn ac companying the s pri n g  and fa ll ove::.�tm:'ns ) re s pe c t i ve ly. 
T he s e  b looms a ppare nt ly r e s ult f rom a c ombi na ti on of' ci r curr:s tc.nc c ;; . 
The lower wat e r  t empe ratures and r e duced li ght conditi ons of •!;int e r  
res ult i n  lowe r phytop lankt on photo-synth eti c acti vity and a n  accuJr.a la -
tion of unus e d  r e ge ne ra t e d  nut ri e nt s . Wi th t he comi ng of spri ng ar:.d 
i t s  favorable t e mpe ratur e s  and li ght c ondition s  (and the recyc li n g  o f  
unus ed nutri ent s  due to the s pri ng overturn ) ,  a n  abrupt i ncrease i n  
phyt opla nkton and pr oductivi ty o ccur s . H owever , the nutri e nt s  a re s o on 
exhaust e d  and th e b loom dis a p pe ar s . I n  late s umme r , a s  t he nutl'i s nts  
b e gi n  t o  a c c umulat e ,  n:Lt rogen-fi x:i n g  blue - gr e e n  a lc;ae ( s uch a s  A rnb.-: e � )  
b e  Gi n t o  i nc r:-oas e rap i d ly .  The s e  or r;a nj f;i-r,�; c cmti. n uc t o  v r ow a r:d 
( such a s , phos phorus ,  t e rnper:rt ur 2 ,  
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B a s e d  on the obs ervat i ons of ponds i n  centra l I l li nois , 
T ra ns eau ( 1916 ) divid e d  the algae i nto six categories b a s ed on 
s easona l  per�L odic:i. t y: 
1 .  \-linter annuals : begin vet e tative a c t ivi ty in autumn 
and i nc r ease  up to the t ime the p o nds a r e  fro z e n  ove r ,  
and pas s  the win ter under th e  i c e . (The s e  i nc lude 
speci e s  of T rib onema , Dranarna l dia , T e t ra 3 pora , and 
one o r  two s pe ci e s  of S pi r o ;:,yra and Cedogoni mr. . ) 
2 .  S nring annual s : be gi n  ve gr; t a ti ve period-in late  a utumn 
or e arly spring and atta i n  maxi mum developrncnt and' 
reproduct ive stage during May ( Zygnematacea e ,  
Oedo gon: i accae , a nd othe r fi lamentous Chlorophyceae ) 
3 .  S i..unme r a n nuals : germi nate i n  s p ring wi th great e st 
r e produ cti ve acti v'i tie s o c currin g i n  July and A ugus t .  
( s pecies  o f  Oedogoni um and Zygnema taceae ) 
4 .  Autumn a nnuals : be gi n  'de velopment i n  la t e  spri ng ,  
incre ase  throu eh s ummer , and b.a ve maximum abundance' 
i n  autu.i'Tln . ( s pe ci e s  of Oe dogoni um ,  and s ome b lue - gre e ns ,  
· such a s  Gloeotri chia ) 
5 .  ?erennia ls : ve ge tat ive cyc le may be or i s  conti nuous 
from yea r  t o  year . ( C ladophora c e ae , and c e r t ai n  
Desmi diaceae ) 
6 .  E phemerals : speci e s  ha ving ve getati ve c ycle s of a 
few days or a t  mos t  a few we e ks durati on . ( certain  
s p ecies  of S c e ne de s mus and Pe dias trum ) 
Vari ous complex i nt e ra c t i on s  of fa cto r s  a re pr obably re s p onsib le for 
the pe rio dici ty of a lgae ( from Smith, 1950 ) .  T he s e  :i. nclude fluctuati ng 
chan ges in t e mpe ratur e , li ght i nte ns it y, and di s so lved gases and s a lt s . 
The r o le of t e mpe rature a m  li ght i n  det ermi ni ng the s eas onal 
o c curr e n ce of a lgae ha s b een o f  i ntere s t  i n  ffi3.ny a quatic s tudie s .  
T e mperature may be of pr ime i mportan ce i n  t e mpe rat e lake s a s  s e e n  by 
"the c haracte ri sti c maxima of di at oms i n  t, he s pri ng and of gre e n  and 
b lue - g r e e n  a lgae in th e s ununer ( s e e  Lund , 1965 ) .  Rhode ( 1%8 ) has 
bound that s p e ci e s  which a re dominant in s pri n g  may reappe a r  i n  hi. gh 
numbe rs in a utumn when th e tem pe rature is much hi ghe r .  F o eg ( 1965 )  
s tates that Cy-d.nophyta a r e  abundan t only i n  s or5. ng and a utumn :);id , 
t herefo r e ,  s ur:.se s t s  that a combinat i on of li cht and t empe rat::i.r e re l .: t.� Dns 
of a l gae i s  r e s ponsible . Hutchi nson stat e s  tha t a s ur vey of the 
1i terature shows that many algae whi ch are chara c t e ri s ti c  of one 
s e a s on s ome tir.ie s f louri sh in qui te diffe re nt o ne s .  Lund ' s  ( 1965 ) 
explanati on i s  t hat certain a lgae a r e  favored by reduc ed c om petition .  
Fi t z gerald ( 1964 ) s t a te s  that much i nf or ma t i on has be e n  
c olle cted whi ch sugr,e st that changes i n  phytoplankton populati ons 
and th eir r e lative d e nsiti e s  are dependent upon the supp1y of avai lable 
nut ri e nt s . Lac ke y  ( 1961 )  has found that a lgal de r.s ity as r e late d  
to nutri tio nal t hr e s hold s i s  pr obab ly a rt mult i -fa c t o r  resultt� · 
Young ( 1955 )  conclud e d  tha t 1 1 the r e  'i s ,  i n  any habi tat , no o ne fac t or 
which d e t ermine s the s pe cie s dens it y  of ar1 a r ea , but a lways a cor-tbina­
tion of factors'! ' For examp le , Fit z e;e rald ( 1964 ) found , in s tudi e s  
o f  the us e o f  stabili z at io n  ponds to r emov e alga l  nutri e nt s  f rom 
sewa ge treatment plant s effluent s , the follo1d ng s eque nce of a lgal 
blooms : 
Eu gle na ---? C lamyd omonas -· -� Chlamydomonas ---'> Clost eri�·-iSudorina 
De spi t e  a c ontinuous s upply of nutri e nts  in the form of s e con dary 
sewage e fflue nt , he found that e a c h  bloom was s e parate d by p e rio ds 
of l ow a lgal activity. Therefore ; he c o nc lude d that t he nutri ent supply 
( levels o f  p hos phorus , nitrogen,  a nd vari ous o the r e s s e..'1ti a1 elerne nts ) 
cannot b e  t he only fa ctor r e s ponsib le f or the domi r>.ance of o ne  s pe c:i. es 
ove r the othe rs . 
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MATERIA IS AND METHODS 
Sampling 
Samples were taken from Charleston Lake and six ponc:t� in 
Coles County (Appendix A )  once a week from 17 June through 25 
August 1974, with the omissi on of the first wee k  i n  August . A float 
was positioned and anchored at a particular site ( limnetic z one ) in 
each pond and data collected for each sampling date at this locati on • . 
All sampling was done from a boat. Samples  were taken  from the t op 
meter only. 
Glassware used i n  collecting samples was thoroughly was hed 
with Li.qui-Nox phosphate-free detergent then rinsed with dei oni zed 
water followed by a rinse with distilled water. A ll materials used in 
the bacteriological analyses were cleaned as above and then steri li ze d  
i n  a Castle autoclave at 15 psi (121°c ) for 20 minutes . 
Sample Analyses  
Li ght intensity readings were made at each site with a Weston 
I llumination Meter (Model 756 ) .  A YSI Oxygen Meter (Model 54 ) was 
used in measuring temperature and dissolved oxygen and in determini ng 
gross primary production uti lizing the oxygen method of Gaarden and 
Gran as descri bed in Standard Methods f or the Exa�"i nation of Water 
� Wastewater ( 1971 ) .  All other measurements we re performed in t he 
laboratory, mostly withi n 12 hours . Samples collected in the fie ld 
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r were ·. placed in the dark a nd on ice and t hen t ransported back t o  the 
laboratory. 
The procedures out line d  in lundamental Pri nci p�es of Bacter­
i ology (Salle , 1973 ) for the analysis of bacte ria. ·in water were· carried 
. . . out with only slight modifications . Di lutions were made in st eri le dis-
. tilled water . Three different di lutions , two rep11;cates- -per di luti on, 
were plated for each sample . Tota l bacteria ( hete rotrophi c ) was 
defi ned as the number of colonies on Bacto Nutrient A gar · (Difeo ) after 
48 hours at J5°c and the total number pe r mi lliliter calculated uti liz-
. �ng the appropriate di luti on factor . 
Phytoplankton samples were obtai ne d by pas sing 10 li ters of 
water through a plankton net equipped with a No . 25 si lk bolti ng c loth 
(mesh, 0.-03 - o. 04 mm ) ,  t he reby c olle cting the s ample in a JO mi lli ­
liter vial attached to the othe r end of t he net .  Two t o  t hr e e  drops 
of a modi fie d  Lugol ' s  solution was the n a dded to the vial as a preser­
vative . A Sedgwick-Rafter counting cell and the " �t ri p "  counting 
method (Welch, 1948 ) was used i n  the quantitative and qualitative 
ana lysis of t he phytoplankton ( due to me sh siz e ,  only me soplankton was 
encountered ) .  From the res ult s so obtained , the number of plankte rs 
per liter of ori gi na l  pond water was computed using the fo llowing 
formula : 
where ; 
n • ( a lOOO ) c  
1 
n • number of plankters pe r li ter of ori ginal water 
a = avera ge number of p lankters in a :I.l count s i n  
counting uni t  of 1 cu mm capaci ty 
c • volume of ori ginal concentrate i n  cc 
l • volume of ori ginal water expres sed in liters 
I 
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The pH was measured With a Fi sher Accumet pH meter .  Turbid-
ity and all other chemical measurements were made using a Hach 
Direct Reading Portable Engineer ' s  Laboratory (Model DR-EL/2 ) 
Spectrophotometer ) according t o  the manufacturer ' s ·  s pe cificati ons . 
Most of the methods are · based on those described i n  Standard Methods 
( 1971 ) .  
� Analyses 
An IBM 360 Computer (Model .50) in the Eastern Illinois University 
Computer Center was used with three programs written by the Health 
• 
Sciences Computi ng Fac�li.ties of the Universi ty of Ca li. fornia at Los 
Ange les .  Th.e following prewritten programs were .uti li zed : 
BMD02R StepWise Regression (Revised 7/17/70 )  
BMD02V·.' Analysis of Vari�nce f or Factoria l Design (Revised 9/12/69 ) 
BMD07V Multiple Range Test* (Revised 2/19/70) 
. *program option; Duncan ' s  new multiple range test 
The stepwise regression analysis gave a starxiard multiple linear 
where ; Y = de pendent variable 
a = intercept 
b = regressi on coeffici ent (unstandardi z e d ) 
X = independent vari able 
e = error t erm 
A separate anaiysis was done for three dependent variables for each 
pond : Y1, productivi ty (mg 02/l/day); Y2 , log total bacteri a  per ml; 
Y3, log total algae per li.ter. In e ach analysis t he '  othe r two depend­
ent vari able s acted as independent variables . Thus , t he independent 
variables were as follows : x1, water temperature (OC ) ;  x2 , diss olved 
oxygen; x3,  pH ; X4, light intensi ty (.rt-c ) ;  X5, �roductivity; X6, lo g 
tota,l bacteria per ml; X7,  ammonia nitrogen; Xa,  nitrate ni troge n ;  
X9, phos phate (P04 ) ;  X 101 s_ulfate (S°4 ) ;  X 111 turbidity (FTU ) ;  
X12 1  light duration (hours ) ;  am X13 1  log total algae per liter 
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(unless otherwise noted , all concentrations are expres s e d  in milligrams 
per liter ) . 
A rejection-support strategy was utilized, the hypothesis being 
supported by the rej ection or the null hypothe sis ; that is , the 
regression coefficients were not si gnifi c�tly diffe rent from zero. 
· From the BMD02R computer printout , t values we re computed for each b 
· �are the �ultiple R eq�led 0. 99 , and a one-tai led t test signifi cance 
leve l was found f or each one .  The �oefficient of determination (R2 ) 
was also ca lculated fo� e�ch b. R2 is the total amount of variation 
or the dependent variable whi ch paralle led changes in the independent 
variable s .  
\ 
The use or standardized regression coeffi cients permitted t he 
direct comparison of variables· expressed i n  different units , thereby 
ranking the si gnificant independent variable s ,  as they appear i n  the 
regres sion equation, i n  orde r of decreasing importance i n  predi cti ng 
the dependent variable . The formula used was : 
bf • b1 ·  � ­
Sy 
where ; b{ • standardi zed re gression 
coeffi cient 
bi_ • unstandardized regres sion 
coefficient 
Si • standard deviati on 0 f t he independent variable (X ) 
Sy • standard deviation of the 
de pendent variable (Y ) 
1 Since each b · · is i ndependent of the origina l units of measurements , a 
comparison of any two indi cate s the relative importance of t he  in�epend-
' I 
ent variables i nvolved. Therefore , if b1 is twi ce the size of b2, X1 · 
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is  approximately twice as important as x2 i n  predi cting . Y .  The 
standardized regression coet.fi ci ents were calculated tor all three 
or the re gressi on equati ons computed for each pond . The 0. 95 con­
fide nce intervals t or the unstandardi zed regre s si on coeffi ci ents were 
a lso calculated. 
To determine whether t he  variable s ,  de pende nt and inde pe ndent , 
differed si gnificantly acros s ponds and/or t hrough time , the BMD02V 
program (Ana�is of Variance f or Factorial Design) was use d .  For 
the depende�t variables which differed significant ly acros s ponds , 
the BMD07V program (Duncan' s  new multiple range test ) provided a li st­
ing of a11 · homogeneous _
"
sub�ets o t  ponds ( subsets o r  means not diferi ng 
significantly) for each set ot computed ranges . 
. � 
46 
RESULTS AND DI SCUSSION 
From data colle cted in this study ( see A ppendix B )  a series 
· of multi ple linear regression e·quations were calculated i n  order t o  
determine the r e lative i�portance of several habitat vari ab les in  
· predicting gross primary productivi ty, heterotrophic bacterial numbers , 
and net phytoplankton densiti e s . The use of stepwise multi ple linear 
regression analysis for s creening habitat variable s may be important 
' . 
in predi cting variation of production, bacteria , and phytoplankton 
in the sewn ponds of this· study (Dugdale , J967 ; Dugdale and Walsh , 
1971 ;  Walsh, 1971; Dale ,  1970 ) .  Although definite c onclusions 1 1about 
the functional relationships between t he biological and habitat 
. 
variables (i .e . ·, ' caus e -and-effe ct ' statements,) cannot be made d ue t o  
· . the inherent noncausal nat ure o f  correlation and r e gre s si on ana:J,.yses , "  
inferences and predi ctions (whi ch must be tested fur ther ) can ( see 
Wals h ,  1971) . Based on the computed correlations, variations i n  t he  
· dependent variable can be predi cted from variation in the i ndependen-t;. 
, 
variables (from Steel a nd Torrie ,  1960) � 
The results of the stepwise  regression analysis are presented 
in Tables l through 7 with the equations of the bes t fit re gres sion 
line s .  The regression equation for each Y was c onstruc t e d  from the 
· intercept and · the regression coefficients .for . signifi cant X 's ( see 
Brasfi e ld ,  1972 ) .  
For example, productivity i n  Charle ston Lake was found t o  be 
f 
· Variable abbreviations used in regression analysis tables : *  
·· 1 .  WTemp = water temprea ture ( 0c) 
2 .  DO = dissolv_ed. oxygen (mg/l) 
J. pH = -log(H+) 
4. · LtI = light intensity (ft-c ) 
5. Prod = productivity (mg o2/1/day) 
6. lgBact = log total bacteria { number/ml ) 
7. NH4 = ammonia nitrogen (mg/l) 
8 • .  NOJ = nitrate nitrogen {mg/l ) 
' ·  9. P04 = phosphate (Po4) (mg/l) 
1 0 .  s04 = sulfate (so4f (mg/l) 
· 1 1. Turb = turbidity (FTU) 
12 . LtD = li ght duration (hours) 
1J.  lgAlg = log total algae (number/;l) .' 
*These same variable abbreviations appear in all subsequent tables . 
T able 1 .  Re s ult s o f  s t e pwi s e re g r e s s ion analy s i s  on Cha rle s ton Lake ( s ignific ant X' s only)a 
y A s  a function b ·  b� 
of X 1 1 
, Y 1  x2 , DO 3 . 5 5 842 3 . 1 8 1  X6, l gB act ..: 6 . 1 9 748 .:. 2 .  7 09 
X9 , P04 4 7 . 3 1 72 0  1 . 5 7 0 
X7 , NH4 5 6 . 4 1 7 3 4  1 . 0 3 7 
Yz X2 , DO . o .  5 7 7 7 6  1 .  1 8 1 
X9 , P04 7 . 7 3 0 0 4  0 . 5 94 
X7 , NH4 · 9 . 2 3 1 49 0 : 3 8 8 
X5 , Prod - 0 . 1 56 3 5  - 0 . 3 5 8  
� ;� 
Y3 X 1 , WT e mp 0 . 6 0 3 3 4  0 . 9 5 5  
X4, Lt! - 0 . 0 0 0 2 3  - 0 . 3 5 3  
X u , T u rb · 0 . 0 1 2 0 9  0 . 3 3 9  
X 5 ,  P r o d  0 . 1 822 3 o .  2 46 
aEquation s o f  b e st fit r e g r e s s ion line s :  
Standa r d  
e r r o r 
of ·b · 
· r 1 
o .  4 5 9 1 9 
�'. 0 : 6 40 0 6  
7 . 8 46 6 9  
1 0 . 1 96 8 5  
0 . .  0 2 3 1  o 
· o :. 6 8 0 8 9  
0 . 9 9 1 4 5  
· 0 � · 0 1 6 1 5 
0 . ..  0 8 040 
0 . 0 0 0 0 7  
0 . 0 0 5 1 0 
0 . 0 6 9 7 2  
0 .  9 5 C l  
of b ·  1 
3 . 4 8 6  t o 3 . 6 4 8  
- 7 . 452 t o  - 4. 9 4 3  
3 1 . 9 3 8 t o  6 2 . 6 9 7  
36 . 432 t o  7 6 . 40 3 
o .  5 32 to · · o . 6 2 3 
6 .  3 9 5  t o  . ' 9 .  0 6 5  
7 .  2 8 8 t o  1 1 . l 7 5 
- 0 . 1 8 8 t o  - 0  • . 1 2 5  
0 .  446 t o  0 . 76 1 
- 0 �� 0 0 0 4 t o  - 0 . 0 0 0 1 
'O.. 0 0 2  ·to 0 . 0 2 2  
O .  0 46 t o  0 . 3 1 9  
Signif-
t value iCance 
le ve l 
7 . 749 • 0 0 5  
- 9 . 6 8 2  . .  0 0 5  
6 . 0 3 0  . 0 0 5  
5 .  5 3 3  • 0 0 5  
2 5 .  0 1 1 • 0 0 5  
1 1 . 3 5 3  • 0 0 5 
9 .  3 1 1 ' • 0 0 5  
- 9 . 6 8 1  • 0 0 5  
7. 5 0 4  • 0 0 5  
- 3 . 2 8 6  • 0 2 5 
2 . 3 7 1  ; oso  
2 . 6 1 4  • 0 5 0  
Y 1 ( P r od )  = - 1 3 .  5 4 8  + � .  5 5 8  X2 - 6 .  1 9 7  X6 + 47.  31 7  X9 + 5 6 .  4 1 7 X7 + e ;  e = O .  46 9 5  
Y 2 ( l gBact ) = - 2 .  2 5 8  + O \ 5 7 8  x2 + 7. 7 3 0 X9 + 9 .  2 32 X 7  - O .  1 5 6 X5 + e ;  e = O .  0 7 46 
Y 3 ( 1. gA l g )  = - 1 3 .  0 7 5 + 0 .  0 6 0 3 X 1 - 0 .  0 0 0 2 X 4 + 0 .  0 1 2  X 1 1 + 0 . .  1 8  2 X 5 + e ;  e = 0 .  4 1  3 6 
Rz Inte rcept 
0 . 2 5 3 1  
0 . 5 0 7 3  
0 . 0 6 1 9 
0 . 1 6 1 9  - 1 3 . 5476 4 
0 . 1 9 9 7  
0 . 1 3 0 4  
0 . 0 6 0 5  
0 . 5 0 7 3  - 2 . 2 5 7 9 7  
0 . 8 3 1 9  
0 . 0 3 84 
0 . 042 0 
0 . 0 6 5 3  - 1 3 . 0 7 5 2 4  
-+=" 
0) 
T able 2 .  
y As a function 
of X 
Y 1  X9 , P0 4 
X u , Tu.rb 
X3 , pH 
X7, NH4 
Y2 x4, Ltl 
X 1 3, l gA l g 
, X l'  WT emp 
X3 , pH 
x 10,· 504 
Y3 X2, DO 
X4, Ltl 
x 1 1 , Tur
·b 
; ' , . ' 
' " 
Re sult s of s t e pw i s e r e gre s s ion ana lys i s  on Giffin ' s  Pond ( s ignificant X ' s  o�y)a 
bi 
9 . 7 5 3 0 0  
·. . 
0 . 0 7240 
0 . 7 7454 
· 6 .  82 6 6 2  
- 0. 0 0 06 3  
.;; 2 .  1 3 10 1 
- 0 . 2 47 0 8  
o.  5 9 42 3  
- 0 . 1 39 3 0 
0 . 2 2 8 1 6  
- 0 . 0 0 0 1 9 
0 . 0 1 9 3 1  
bl. . 1  St andard 
error 
, of bi 
1 . 1 94 1. 6 6 9 6 0  
0 . 7 9 2  o .  0 1 1 3 9 
0 . 7 45 0 . 1 2 2 8 1 
o . 6 5 3  1. 2 7 6 5 9  
- 1 .  3 92 0 . 0 0 0 0 4  
;.. i .  2 58 0 . 2 1 1 82 
- 0 . 6 82 0 . 0 2 564 
0 . 447 o. 1 1 76 8  
- 0 . 4 1 5  o .  02 0 2 5  
o .  9 3 1  o .  0 3 4 1 5 
- 0 . 7 1 3 . 0 . 0 0 0 0 3  
. o .  2 8 8 0 . 0 0 54 1  
0 . 9 5  CI 
of bi 
-
6 .  4 8 0  t o  1 3 . 02 5 
O .  0 5 0  to o.  09 5 
O .  5 3 4  t o - 1. 0 1 5  
4. 3 2 4  t o  
' '  . , . .  
9. 32 9 
t value 
-
5 . 842 
6 . 3 56 
6 . 3 0 7  
5 .  347. 
- o;': o oorto :. o. 0 0 0 6  - 1 5 . 1 5 0  
- 2 .  5 5 2  to - 1 .  722 - 1 0 . 0 89 
- 0 . 2 97 to - 0 . 1 9 7 - 9 . 6 36 
O. 364 to 0 . 82 5 5 . 049 
- 0 .  1 79 t o  - 0 .  1 0 0 . - 6 . 879 
O .  1 6 1  to 0 . 2 9 5  6 . 6 8 1  
- 0 . 0 0 02 t o  - 0 . 0 0 0 1  · - 6 .  3 3 3  
o .  0 0 0 9  t o  � oz o 3 0  3 . 6 6 2  
Signif-
R2 icanc e Int e rc ept 
le vel 
. 0 0 5  0 . 0 8 9 5 
• 0 0 5  0 . 0 7 92 
• 0 0 5  0 . 0 2 44 
• 0 1 0 '  0.' 0 3 0 8  :, · .  4. 4 1 7 4 1  
• 0 0 5  � o. 6 3 8 8  
. ·0 0 5  o .  2 2 3 2 · 
• 0 0 5  0 . 0 6 42 
• 0 0 5  0 . 0 3 3 9  
• 0 0 5  0 . 0 3 4 5  2 0 . 3 8 5 0 3  
• 0 0 5  o .  6 11 4  
• 0 0 5  0 . 2 7 8 0  
. •  02 5 0 . 0 7 3 3  3 . 1 56 1 0  
· 
a Equation s o f  b e st fit r e g r e s s ion line s :  
Y 1 (Prod ) = 4. 4 1 7  + 9 . 7 5 3 x9 + 0. 0 72 x1 1' + 0 . 7 7 4  x3 + 6 . 82 7 x7 + e ;  e = 0 . 1 9 2 4  
Y2 ( l gBa ct ) = 2 0 .  3 8 5  • O .  0 0 0 6 X 4  - 2 .  1 3 7  x1 3  - 9: 2 4 7 X1 + O .  5 9 4  x 3  - O. 1 39 X 1 o + e ;  ; 
Y 3 ( 1 gA l g ) = 3 1 . 5 6  + O .  2 2 8  X2 - O .  0 0 02 X4 + O .  0 2 0 x1 I + e ; e = O .  1 43 1  
e = \o . 1 2 4 8  
; . ·  
� 
'° 
' ' , ,  " " 
Table 3 .  
. - a 'Results of stepwise regression anaJ.ysis on Weller' s Pond ( significant X ' s  only) 
y As a function 
of X 
ti x10 ,  S04 x3 , pH 
x6 . lgBact 
x9, P04 
52, LtD �1 ' Turb 4, Lt! 
Y2 �· pH 
x8 , N03 
. x7 , NH4 
12 ' 00 �2 , LtD 1 ,  WTemp 
Y3 . x1 2 , LtD x8 , N03 
x2 , DO 
x1 0 ,  S04 X3 , pH 
x4 , LtI 
' 
� 
b . I oi 1 
1 
' l 
0 . 77683 2 .320 
' 6 . 31582 2 . 046 
2 .30725 1 . 477 
-3 . ?5.542 -1 . 034 
-1 . 22855 -0 . 81 9  
0 . 03435 0 . 715 
-0 . 00015 -0 . 431 
2 .66654 1 . )49 
3 .55335 1 . 284 
4.55316 1 . 007 
-0 .31221 - 0 . 915  
0 .74624 0 . 777 
-0 . 08424 -0 .568 
0 . 74343 1 . 489 1 .69685 1.1 80 
0 .19455 1 . 097 
-0 . 1 051 8  -0 . 944 
-0 . 93778 -0 , 913 
-0 . 00009 -0 . 778 
aE:i.uations of best fit regression lines : 
Std . error 
· of b 1 
0 . 07570 
o . 5�203 
0 . 241 97 
0 . 83629 
0 .12025 
0 . 00546 
0 . 00001 
o . 7oo65 
0 . 6391 3 
0 . 05239 
0 . 1 0416 
0 . 20499 
0 . 01144 
0 . 07263 
0 . 1 8052 
0 . 03058 
0 . 0091 8 
o . 1 861 0 
0 . 00001 







0 . 628 to 0 . 925 
., 
1 0 . 262 . 005 0 . 0030 
5 . 293 to ? . 339 1 2 � 099 . 005 0 . 0116 
1 . 833 to 2 .  782 9 .535 . 01 0 0 . 0308 
-5 . 394 to -2 .116 -4 .491 . 025 o .6949 
-1 .464 to -0 .  993 -1-0 . 21 7  . 005 0 . 0052 
0 . 024 to 0 . 045 6 . 291 . 025 0 . 01 79 ' 
-o:;. 0002 to -0 , 0001 -1 5 . 000 . 005 0 . 01 81 
1 . 292 to 4 , 039 3 . 8o6 . 025 0 . 0303 
2 . 301 to 4 . 806 5 . 560 . 01 0  0 . 0700 
3 . 526 to 5 . 580 8 .690 . 005 0 . 2322 
-0 . 51 8  to -0 ,1 08 "  -2 . 997 . 050 0 . 0358 
0 .344 to 1 . 1 48 3 .640 . 025 0 . 0180 
-0 . 1 07 to -0 . 062 -7 . 364 . 005 0 . 601 9  
0 .601 t o  o . 886 10 . 236 . 005 0 . 02 76 
1 . 343 to 2 . 051 9 . 400 . 005 0 . 1442 
0 . 1 35 to 0 . 254 6 .362 . 005 0 . 2054 
-0 . 1 23 to --0 . 087 -11 . 458 . 005 0 .1651 
· -1 . 302 to ..0 . 573 -5 . 039 . 01 0  0 . 2975 
-O'; 0001:'_ to -0 • 0001 -9 . 000 . 005 0 . 1 553 
Intercept 
"'."51 . 40298 
-27 . 89400 
0 .1 41 93 
Y1 (Prod) = -51 .403 + 0 . 777 x10 + 6 , 31 6 x3 _ 2 . 307 X6 - 3 , 755 x9 -
1 . 228 x12 + 0 ; 034 x11 - 0 . 0002 x4 + e ;  e = 0 , 0509 
Y2 (lgBact ) = ,27 . 894 + 2 . 666 x3 + 3 , 553 x8 + 4 , 553 x7 - 0 . 31 2 x2 + o . 746 x12 - 0 . 084 x1 + e ;  e = 0 . 1 1 1 6  







Table 4 .  
As a function 
of X 
x3 ,pH x2 , DO 5 2 , LtD 
X11 ' Turb 
�3 ' lgAlg 1 , Turb 
x1� WTemp x5 , Prod x9 , Po4 x8 , N03 
�1 , Turb x9 , P04 x1 , WTemp x6 , lgBact x8 , N03 X , Prod 
x5 . ,  S04 10 
Re sult s of stepwise  regre ssion analysis on Campus Pond (signif�cant X ' s only )a 
bi b
' Std . error i Of bi 
-8 .531 26 -2 . 991 0 . 85478 
0 . 75246 2 . 766 0 . 08868 
1 . 1 1 180 0 . 5 70 0 . 214)4 
0 . 03860 0 . 373 0 . 00876 
-2 . 1 9424 -1 . 231 0 . 31 075 
-0 . 04152 -1 . 1 85 0 . 0061 9 
0 . 1 9226 1 . 151 0 . 02846 
0 . 30014 o . 886 0 . 06786 
4 .63025 0 . 781 1 . 07921 
-0 . 76744 -0 . 682 0 . 1 7720 
-0 . 01356 -0 . 069 0 . 00238 
2 . 091 26 0 . 629 0 . 39346 
0 . 05689 0 . 607 0 . 00763 
-0 . 33294 -0 . 593 o . 04596 
- 0 . 32298 - 0 . 51 2  0 . 06039 
0 . 0 7574 0 . 399 0 . 02403 
0 . 01 22 0  0 . 286 0 . 00349 
0 . 95 CI 
of bi 
-1 0 . 207 to -6 . 856 
0 . 579 to 0 . 926 
0 . 692 to 1 . 532 
0 . 021 to 0 . 056 
-2 . 803 to -1 . 585 
-0 . 054 to . -0 . 029 
O . 1 36 to 0 . 248 
0 . 1 67 to 0 .433 
2 .515 to 6 �·746 
-1 . 1 15  to - 0 . 420 
-0 . 01 8  to -0 . 009 
1 . 320 to 2 . 862 
0 . 042 to 0 . 072 
-0 . 423 to -0 . 243 
- 0 . 441 to - 0 . 205 
0 . 029 to 0 . 1 23 
0 . 005 to 0 . 01 9  
t value 
�9 . 980 
8 .485 
5 . 1 87 
4 .406 
-7 . 061 
-6 . 707 
. 6 . 755 
4 .423 
4 .290 
-4 , 331 
-5 . 697 
5 . 315 
7 , 456 
-7 . 244 
-5 . 348 





. 005 0 . 3069 
. 005 o .4268 
. 005 0 . 1132 
. 01 0  0 . 1 031 
. 01 0  0 . 1 987 
. 025 o . 1 �98 
. 025 0 . 2307 
. 025 0 . 0428 
. 050 0 .1 855 
. 025 0 . 1 535 
. 025 0 . 0435 
. 025 0 . 0682 
. 01 0  0 .4408 
. 010 0 . 2388 
. 025 0 . 0678 
. 050 0 . 0525 
. 050 0 . 0779 
Inte rcept 
49 .59811 
9 . 29359 
3 . 85935 
a:Eq_uations of best fit regre ssion l ine s : 
Y1 (Prod ) = 49 , 5 98 - 8 , 531 x3 + 0 . 752 x2 + 1 . 1 1 2  x1 2  + 0 , 039 x11  + e e = ·0 . 2571 
Y2 (lgBact ) � 9 , 2 94 - 2 . 1 94 X1 3 - 0 . 042 X11  + 0 . 1 92 X1 + 0 . 30 0  x5 +4 . 630 X9 - 0 . 767 x8 - 0 . 0001 X4 + e ;  e = 0 . 1 1 57 
Y3 (lgA1g)  = 3 , 85 9 - 0 , 01 4  x1 1 + 2 . 091 x9 + 0 . 057 x1 - 0 . 333 x6 - 0 . 323 x8 + 0 , 0 76 x5 + 0 , 01 2  x1 0 + e ;  e = 0 , 047 0 \J\ ..... 
Table 5 .  Re sults of stepwise regre ssion analysis on Williams ' s  Pond (significant X ' s only )a 
y As a function bi b' Std , e rror 0 . 95 CI t value Sign- R
2 Intercept 
Of X i of b .  of b1 ificance 1 level -
Yi x7 , NH4 J . 4i 702 2 . i JJ 0 , 85506 1 .  741 to 5 . 093 J . 996 . 050 0 . i 260 x9 , P04 - 7 . 85
674 -1 . 86J 1 . 42337 -1 0 . 644 to -5 . 067 -5 .520 . 025 0 . 2873 
x3 , pH -1 . ?j143 -1 . ?JO 0 . 57541 -1 . 844 to -1 . 61 9  -3 , 009 , 050  0 . 1 146 �3 ' lgAlg 2 . 84909 1 . 61 4 0 . 39781 2 . 069 to 3 , 629 7 .1 62 . 01 0  0 . 1 1 24 
8 , N03 -3 , 79554 -1 . 354 0 . 941 87 -5 . 642 to -1 . 949 -4 , 030 . 050  0 . 0301 
JS:o ' S 04 0 . 1 1
677 1 . 203 0 . 03989 0 . 038 to O . i 95 2 . 927 . 050 0 . 11 93 0 . 98639 
y2 x2 , DO - 0 . 321 45 -1 . 026 0 . 04704 - 0 . 41 4 to -0 . 229 -6 . 833 . 005 O . i 266 x1 0 , S04 - 0 . 091 97 -1 . 01 0  0 , 01 980 -0 . 1 31 to -0 . 05.3 -4 .645 ; oo.5 0 . 1 01 7  x13 , lgAlg 0 , 37887 0 . 229 O . i 7650 0 . 033 to 0 . 725 2 . 1 47 . 05 0  0 . 023 0  7 . 09988 
y3 x7 , NH4 -i . 15791 -1 . 276 0 . 32944 -1 . 804 to - 0 , 51 2  -3 . 51 5  . 025 0 . 0360 x9 , P04 2 , 72577 1 . 1 41 0 . 42995 1 . 883 to 3 . 568 6 . 340 . 025 0 . 0867 x3 , pH 0 . 61 061 1 . 077 0 . 1 7482 0 . 268 to 0 . 953 3 . 493 . 050 0 . 0728 x8 ,  N03 1 . 33352 0 , 840 0 . 25480 0 . 81 4  to 1 . 852 5 . 036 . 025 0 . 0836 
x5 , Prod 0 . 33782 0 .5 96 0 . 0471 7 0 . 245 to o . 430 7 , 1 62 . 01 0 0 . 1 351 - 0 . 41 795 
a
F.q_uations of best fit regression :line s : 
'. 
Y1 (Prod ) = 0 . 986 + 3 , 41 7 x7 - ? . 857 x9 - 1 , 731 x3 + 2 . 849 x1 3 - 3 . 796 x8 + 0 . 1 1 7  Xi O + e ; e = 0 . 231 3 
Y2 (lgBact ) = 7 , 1 00 - 0 . 321 X2 - 0 , 092 x1 0  + 0 . 379 x13 + e ; e = 0 . 1 300 
Y3 (lgAlg ) � - 0 , 41 8  - 1 . 1 58 x7 + 2 , 726 x9 + o . 61 1 x3 + 1 , 334 x8 + 0 . 338 x5 + e ;  e = 0 . 0796 Iv'\ I\) 
Table 6 .  Re sult s of stepwise regre ssion analysis on Wapora Pond (significant X ' s only )a 
y As a fUncti,on bi b
/ Std . error 0 . 95 CI t value Sign- R
2 Intercept 
i of X . ,  of bi of b1 ificance level 
- · · . . .  
y1 x12 , LtD --4.'� 27968 . -1 .553 0 . 30906 -4 . 885 to -3 . 674 -13 . 847 . 005 0 . 7673 x7 , NH4 8 . 25997 0 . 925 1 . 81 302 4 .  706 to 11 . 81 3  4 . 556 . 010  0 . 0704 x2 , DO o .47933 d . 826 0 . 06508 0 . 352 to . 607 7 ,365 . 005 0 . 0460 x8 , N03 1 . 00384 0 . 697 0 . 26562 9 . 483 to . 1 .524 3 . 779 . 025 0 . 0261 
x13 ' lgAlg o .  71 939 0 .550 0 . 1 2928 0 .466 to 0 . 973 5 .564 . � 01 0 0 . 0556 x10 , S04 0 . 08298 0 . 203 0 . 01 01 0 0 . 013 to . 0 . 053 3 . 265 . 025 0 . 0271 50 . 99298 
y2 x8 , N03 0 .50637 0 . 733 0 .1 7062 0 . 1 72 to o . 841 2 . 968 . 050 0 . 0257 4 . 68331 
y.3 �- LtD J . 88241 1 . 843 0 . 1 1 995 3 . 647 to 4 .1 1 7  .32 . )67 . 005 0 .1496 2 ' x8 , NO) H .411 21 -1 . 281 0 . 03761 -1 .485 to -1 . 337 · -.37  .522 . 005 0 . 0839 x11 , Turb -0 . 00375 -0 . 829 Q . 00014 -0 . 004 to -0 . 003 -26 . 786 . 005 o . 61 14  x5 , Prod 0 .55854 0 . 731 b ; o2922 0 .501 to 0 . 61 6  1 9 . 115 . 005 0 . 0386 x1 , Wtemp -0 . 1 9965 -0 . 433 0 . 01 156 -0 . 222 to -0 . 1 77 -1 7 . 271 . 005 0 . 0727 x4 , LtI 0 . 00023 0 .381 0 . 00001 0 . 0002 to 0 . 0002 23 . 000 . 005 0 , 04)1 -45 . 76875 ... , 
a�uations of be st fit regression line s : 
Y1 (Prod ) = 50 , 993 - 4 . 280 x1 2  = 8 . 260 x7 + o . 479 x2 + 1 . 004 x8 + 0 . 71 9  x13  + 0 . 033 x1 0  + e ;  e = 0 . 2389 
Y2 (lgBact ) = 4 . 683 + 0 . 506 x8 + e ; e = 0 . 251 2 
Y3 (lgA1g) = -45 , 769 + 3 . 882 X1 2  - 1 . 411 x8 - 0 , 004 X11 + 0 ,558 X5 - 0 . 200 x1 + 0 . 0002 X4 + e ;  e = 0 . 0566 
V\ 
'""' 
Table 7 ,  Result s of stepwise regre ss ion analysis on Martin ' s  Pond ( significant X ' s only )a 
y As a function b .  
. I Std . error 0 . 95 CI t value Sign-bi of X l. of b .  of b . if icance l. l. level -
y1 �0 , So4 -0 . 1 2647 -1 . 382 0 . 051 47 -0 . 227 to - 0 , 026 -2 .457 . 050 
2 ' DO 0 . 1 2066 - 0 . 355 0 , 041 62 0 � 039 to 0 . 202 2 . 899 . 050 
y2 x3 , pH -0 . 81 973 -0 . 860  0 . 1 4087 -1 . 096 to � 0 . 544 -5 . 81 9  . 01 0 X , NH4 -6 . 78_51 2 -0 . 753 0 . 69068 -8 . 139  to -5 . 431 -9 . 824 . 01 0  � , Wtemp - 0 . 1 51 49 -0 . 709 0 . 02908 -0 . 208 to -0 . 094 -5 . 209 . 01 0 
5 ,  Prod 0 . 56690 0 . 658 0 . 09615 0 . 378 to 0 . 755 5 . 896 . 005 
XfJ ' lgAlg - 0 . 28593 -0 . 329 0 . 08303 -0 .449 to -0 . 1 23 -3 , 444 . 025 
y3 x7 , NH�i- -10 . 43666 ::i . 006 2 . 21 659 -14 . 781 to -6 . 029 -4.  708 . 025 �O ' S04 -0 . 08L:.{)O -0 . 932 0 . 02653 -0 . 1 36 to -0 . 033 -3 . 1 89 . 050 
4 ,  LtI -0 . 0001 7 -0 . 627 0 . 00005 --0 . 0003 to -0 . 0001 -3 . 400 . 050 
x9 , P04 -2 .65794 - 0 . 569 0 .  76 750 -4 . 1 62 to -1 . 154 -3 . 463 . 050 
a.E::r_uations of be st fit regre ss ion line s : 
Y1 ( prod ) = -0 . 61 5 - 0 . 1 26 x1 0+ 0 . 1 21 x2 + e ;  e + 0 . 1 463 
Y2 (lgBact ) = 16 . 322 - 0 . 820 x3 - 6 . 785 x7 - 0 . 567 x5 - 0 . 286 x1 3 + e ; e = 0 , 0885 
Y3 (lgAlg)  = 9 , 922 - 1 0 . 437 x7 - 0 . 085 x1 0 - 0 . 0002 x4 - 2 . 65 8 x9 + e ; e = 0 . 2273 
R2 
0 . 021 0 
0 .5379 
0 . 6201 
0 . 1 303 
0 . 0802 
0 . 1330 
0 . 0291 
0 . 0872 
0 . 6729 
0 . 0499 
0 . 0626 
Intercept 
-0 . 61535 
16 . 32227 




positively c orrelate d  wi th di s solve d oxyge n, phosphate , and ammonia 
c oncentrations  a nd negative ly corr e late d  wi th the log of  t o ta l  ba cte ri a  
(T able 1 ) .  Uti lizing the followi ng e quation f or the be st fi t re gres s -
ion li.ne variation i n  productivity can b e  predi cted from vari ati on i n  
the habi tat variable s whi ch als o ap pear i n  the regres sion e quation : 
whe re , Y1 = gross  primary productivi ty 
X2  = dis solved oxygen 
X 6 = log to tal bacteria 
X9 = phosphate 
X7 = ammonia 
e • 0� 4695 
A s tandard multi ple linear re gre s s ion e quat i on was co mputed fo r e a c h  
de pende nt va riable for all s even ponds s ampled ( each e quati on can  b e  
i nterpreted a s  dis cus sed above ) . The summary of t he r e gre s s i on ana lys e s  
(Tab le 8 )  indicates  thos e habi tat variables
.
which we re signifi cantly 
correlated wi th the depe ndent vari able s for each pond and whethe r  
the correlation i s  positive ar ne gative .  
The s e  data refle ct Lackey ' s  ( 1961 )  hypothesis , whi c h  s t a t e s  
that phytoplankton de nsity ,  in re lation t o  nutrit i onal thresholds , 
i s  probably a multi -fact or res pons e . The result s  pre s ented in Tab le 8 
indicate t hat not only doe s thi s  apply t o  phyto plankton ( log t otal 
algae ) b ut it also pertai ns to pro duction and bacte ri a l  numbers . As 
Yount ( 1955 ) concluded (a nd  as  supported by the s e  s tati s t i cal  analys e s ) , 
there is  usually no one habi tat variable res ponsible f o r  ( i . e . , 
corre lated with) pro ducti vity and species density of an area . It 
might a lso be note d  t hat , as Fi tz gerald ( 1964 ) fo und i n  his s tudi e s  
o f  the use of stabili zation ponds in  re moVi ng a lgal nutrients  from 
y 
Prod : 
lgBact :  
lgAlg : 
Tab le 8 .  Summary o f  s t epwis e  regres s ion analys i s  ( s ign i ficant X ' s for each pond s amp led) 
As a funct ion of x_8. 
C Lakeb 
DO 




























































- l gBact 
-No3 
Prod 
s o4 " 




































- l gAlg 
-NH4 
- s o4 
-L�I 
- P04 
ax ' s app e a r  r anke d  in o rd er o f  d e c r e a s ing - imp o r t an c e : in p redi c ting y · ( nega t ive . s i gn s  in . front o f  
ind ep end en t  var i ab l e s  re f e r  t o  tho s e  X ' s wh i ch were n e g a t ive l y  c o r r e l a t e d  w i th Y) . 
bCha r l e s ton L ake ( In thi s p ap e r the autho r ha s r e f e r re d  to a l l  l en t i c  b o d i e s  o f  w a t e r  a s  p ond s 
d e s p i t e  the i r  common n ame s . I t  should b e  no t e d , howeve r ,  tha t no t a l r  the· p on d s ·  exh ib i t e d  thermal s tra ti f i c a t ion throughout the s amp l ing p eriod . S e e  Appendix A . ) 
V\ 
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s ewage treatme nt p lant e fflue nt s , the nut ri e nt s upply wa s  not the 
o nly fact or s i gnifi cant ly c orre lated wi t h  the thre e de pe ndent vari ab le s  
a nalyz e d  i n  t hi s  study. Physi ca l ,  c he mi ca l ,  a nd b i o lo gi cal pa rame t e rs 
a ppear i n  the r e gr e s s i o n  equat i ons . Wa ls h  ( 197 1 )  has further stat e d · 
" t hat due t o  syner gi s ti c  i nt e raction o f  e nvi r onme nta l factors , re s u lt­
ant parameters may' be e xpe ct e d  to be easi er to pre di c t  than thei r 
comp o ne nts . 11  As the s e  a nalys e s  sugge s t , i n  most c a s e s  t h e  i nt e racti o ns  
betwe e n  the phys i c a l ,  chemical , a nd biologi c a l  pa rame t e r s  a r e  more 
important i n  determini ng ( or pre di cti n g ) e nvi ronme nta l  c ondi t i ons t ha n  
whe n c onsi de ri ng any one habi tat v�riab le a lone t o  b e  t h e  c o nt ro lli ng 
e leme nt at any given t ime ( from Goldman , 197 2 ) .  T hough th e co nc ept 
of limiting-fa c to r s  has b e e n  us e d  i n  a quati c  s tu di e s  wi t h  s o me d e gre e 
of succ e s s  (Fuhs , et . a l . ,  1972 ) ,  b e caus e  o f  the multi ple fa c t o r s  
i nvolved in pre di c ti n g  the dep e ndent var iab le s s hould not b e  t oo s t ri c t ly 
appli e d  (Tab le 8 and Goldman , 1972 ) . In fu;J:.ure s tudi es t he fi r s t pos i ­
t i vely corre lat e d  nutri e nt ( or the mos t hi ghly s ignifi cant e nvi ronme ntal 
factor , p osi t ive ly or negat ive ly c orre lat e d ) to a p pear i n  t he r e gr e s s i on 
e quati o n  mi ght be t e s t e d  a s  the li m iti n g  c onst i t ue nt . H oweve r ,  the 
pre s ent study cons i s te d  of a s ampli n g  pe ri od s c he dule d  ove r  10 we e ks 
and , a s Odum ( 1971 )  s t at e d ,  the producti on rat e pa s s e s  from one tempor­
ary steady-s tat e to anot her with time . T he r e fore , i t  would be di ffi cult 
to a s se s s  whet he r  the sys t e m  was i n  dynamic e qui li bri um or a s t e ady- s tate 
at the time of s ampli ng a n d, i n  the cas e  of the forme r ,  the re is no 
one li mi ti n g  factor si nc e  the rat e  of produc tion is determined by all 
the cons t i tuent s  ( see Rei d ,  1961) . 
A s  c a n  be seen in Tab le 8 ,  i t  appears that e ach pond is uni que 
with re spect to thos e  e nvi ro rune nt a l  factors found t o  be s i gni fi cant ly 
c orre la t e d  t o  productivity ,  l o g  tota l ba cte ri a , and log t o ta l  phyt o-
plankto n . Howeve r , it i s  no t readi ly a ppar e nt whe ther the s e  varia b le s  
va ry a s  a function of time , acros s ponds , o r  b oth . Wi t h  thi s  que s ti on 
i n  mind the BMD02V program (A nalysis of Variance for Factoria l  Desi gn ) 
was exe cuted i n  orde r to determi ne stati stically whethe r the variable s 
( de pe ndent and i ndepe ndent )  di ffe re d  s ignifi cant ly acr os s ponds and/or 
through t ime (Tab le  9 ) o  
A s ummary o f  the a nalyse s of variance (Table 10 ) i ndi cates  
whi ch variable s differed � c ross  ponds only ,  whi ch  variable s d i f fe re d 
through time only , and t ho s e  e nvironme ntal fact or s  whi ch differ e d  ove r 
both time a n d  p onds . The fact t hat ammonia a nd phosph ate c on cen tra-
t i ons we re found to di ffe r s i gnifi ca nt ly a c r o s s  porids and thr o ugh t ime ,  
accompani e d  by their freque nt a ppearance i n  the pro duct ivi ty r e gres sion 
e quati ons , s ugge s t s  t hat the s e  var iable s may i nd e e d b e  important not 
• 
only in p re di cting e nvir onme ntal c cndi tions but a ls o  i n  c on t r o l li ng 
them ( e . g . , Sayer,  1952 ; Fr$ · !!:..• a l . , 1966; McCarty , 1970 ) . 
A lthough phosphate conc e nt rat ions and log total bacteria both di ffe r e d  
signifi cant ly through time ,  the s e  data are not c onclusi ve e nough t o  
s upport t h e  s tat eme nt made by T homas ( 1969 ) c oncer ning t he effe ct of 
phos phate addition on  bacteria in r e la ti on t o  algae . The i nf reque nt 
a ppearan ce of phs ophat e i n  re gre s sion equat io ns for bacteria and 
phot oplan kton s ug ge st s  that its re lative impor tance i n  predi cti ng t he s e  
de pendent variables i s  not enti rely reliab le . Howeve r , i t  was i n't e re�t-
i ng to fi nd t hat the hete rotro phi c bac t e ri a l  populat i o n  did not di ffe r 
T ab le 9 .  Analys i s  o f  variance 
a .  Source of variation 
1 .  ponds 
2 .  t ime ( s amp l ing date s )  
b .  F-values calculated by : 
n s . Not s igni ficant 
variation mean square 
res idual mean square 
'Table 9 .  Analys i s  o f  variance 
Source o f Degrees o f  Sums o f  Mean . Fb Significance 
variattona freedom sguares sguares level 
Prod'. • . 1 6 5 0 . 60808 8 . 43468 4 . 9 5 1 . 005 
2 5 . 1 0 . 9 6500 2 . 1 9 3 0 0  1 . 2 8 7  nns .'.: 
Res idual 3 0  51 . 1 0307 1 . 70343 
To tal 4 1 1 1 2 . 67 61 5 
lgBact 1 6 2 . 62393 0 . 43 7 32 1 .  7 7 8 0  n s  
2 5 1 1 . 16597 2 . 2 3 3 1 9  9 . 0794 . 005 
Res idual 30 22Z37892 . 0 . 245 9 6  
Total 41 : .�.21 : 1 6882 
lgAlg . 1  6 14 . 23285 2 . 3 7 2 1 4  4 . 42 7  . 005 
2 5 1 . 8 635 5  0 . 3 7 2 7 1  0 . 695 n s  
Res idual 3 0  1 6 . 07552 0 . 5 35"85 
Total 41 32 . 1 7 1 9 1  
WTemp 1 6 65 . 58330 1 0 ·; 9 3 05 5  2 . 39 7  n s  
2 5 2 5 0 . 9 7 6 1 6  5 0 . 1 9 5 2 2  1 1 . 01 0  . 005 
Re s idual 30 1 3 6 . 7 7 148 4 . 5 5 9 0 5  
Total 41 45 3 . 33081 
DO 1 6 5 7 . 85 1 41 9 . 641 9 0  1 . 5 82 ns 
2 5 9 1 . 5 9340 1 8 . 3 1 8 6 8  3 . 005 . 025 
Res idual 3 0  1 8 2 . 8 6 9 9 0  6 . 09 5 6 6  
Total 4 1  4 5 3 . 33081 
pH 1 6 ; 8 '; 5 6 6 1 9  1 . 42 7 7 0  3 . 442 . 025 
2 5 �'. 2 : 41 643 0 . 4 8 3 2 9  1 . 1 65 ns 
Res idual 3 0  1 2 . 445 1 3  0 . 41484 °' 
Total 4 1  2 3 . 4 2 7 7 5  0 
?�!.� 9. :  ( con.t_. ) · 
Source o f  D egrees  6 f  Sums o f  Me an F S i_gni f icance 
var i a tion<' freedom sguare s sguare s level 
NH4 1 6 1 . 15483 0 . 1 9 247 5 .  7 2 5  . 005 
2 5 0 . 6 0 9 9 9  0 ; 1 2 200 3 . 6 29  . 0 25 
Res iduai 3D·: 1 . 00 8 5 3  0 . 0 3 3 6 2  
Total 41 :.' 277 7 3 3 5  
N03 1 6 '  254 . 3 7 248 42 . 39 540 6 1 . 6 6 0  . 005 
2 5 4 . 2 2 2 8 6  0 . 8445 7 1 . 2 2 8  n s  
Residual 30 20 . 6 2 6 9 5  0 . 6 8 7 5 7  
To tal 41 27 9 . 2 2 2 1 7 
P04 1 6 ;'.01 2 8 9 2 3  0 . 04821 3 . 104 . 02 5  
2 5 > 0 . 2 855 2 0 . 057 1 0  3 . 6 6 7  . 025 
Res idual 30 0 . 46585 0 . 01 5 5 3  
Total 4 1  1 1 :'04060 
S04 1 6 7 0 7 7 . 80908 1 1 7 9 . 63477 1 6 . 31 3 . 005 
2 5 6 0 8 . 49 9 9 3  1 21 . 6 9 9 9 8  1 . 6 8 3  ns 
Res idual 3 0  2 1 6 9 . 300 7 8  7 2:.: 3 1 001 
. rotal 4 1  9 8 5 5 . 60547 
Turb 1 6 3 7 7 9 2 6 . 24320 6 2 9 8 7 . 7 0 7 0 3  4 . 7 2 2  . 005 
2 5 1 9 841 9 . 5 5 3 0 1  3 9 6 8 3 . 9 1 0 1 6 2 . 9 7 5  . 05 0  
Re·s idual 30 400207 . 25 000 1 3 340 . 2 3 8 2 8  
T o t a l  41 9 7 655 2 . 9 3 7 5 0  
Variables  d i f fering s ign­
i fi cantly acro s s  pond s only 











Tab l e  1.9� Summary o f analys i s  of variance . 
Variab l e s  d i f fering s ign­
i f icant ly through t ime only 







Variab l e s  d i f fering s i gn­
i ficantly over b o th pond s 
and t ime · 
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significant ly across ponds ; they di ffered through time o nly. 
Thi s  would suggest  that these  bacteria may no t  be immedi ately re s pon­
sib le for those nutri e nt levels (NOj , so4 ) which di ffe red acr os s  ponds 
only. 
The regression analysi s  indi cates that the s even ponds sampled 
are unique with respect to those habitat variables  correlate d with 
lo g total bacteria . However , , the analysis of var iance showed that 
t he s even ponds were not unique wi th r e gard t o  the actual bacterial  
populations , whi ch varied  through time only. The refor e ,  the r e  is 
perhaps some other limi ting factor' or group of e nvi ronment al fact ors 
(whi ch are possibly c ommon to all seve n ponds ) c ontrolli ng the envi r o n­
mental conditions responsible for the prevai li ng b acteria l densi ti e s  
( from McCoy and Sarles , 1969 ) . 
In the case of the other two depe ndent variables ( producti vi t� 
and log total a lgae ) , the analysi s  of variance i ndi cated that t hey 
diffe red acros s ponds only. The refor e , in  o rder to gai n  s ome i ns i ght 
i nto the nature of these di fference s ,  the BMD07V pro gram ( Duncan ' s  
new multiple range test ) was exe cuted . Thi s  progra m provi ded a lis t i n g  
of all homogeneous subsets of ponds ( subset s of means n ot di ffe ring 
signifi cantly ) for each s et of computed ranges ( Tab les  11 and 12 ) .  
The r e sults of the Duncan ' s  multi p le range t e s t  fo r productivi ty 
(Table 11 ) and log total algae (Tab le  12 ) both i ndi cated that t he re 
exists two homogene ous s ub s e ts within the seven ponds s ample d .  Wi t h  
regard to  the habitat variab les c orre lat ed wit h thes e  two de pe ndent 
variables all the ponds appear to  be uni que (Table 8 ) .  H oweve r ,  
as suggested by the results found i n Tables 1 1  a nd 12 , the s eve n po nds 
Tab le 11. Re s ults of Duncan ' s  new multi ple range 
test : treatment means ; productivi ty 
(mg 02/l/day )* 
Treatment means in ranked order 
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Ponds Mean S tandard deviati on Number of re,eli cations 
Ma rti n ' s  0. 389 0 . 7339 9 
Wi lliam ' s  1. 030 o. 6533 10 
Wei ler 1 s  1. 280 0. 9211 10 
Giffin ' s  1 . 320 o . 8904 10 
Wa pora 1. 3 90 1. 5800 10 
C Lake 2 . 188 2 . 4404 8 
Campus J . 650 1 . 1346 10 
*There a re two homogene ous s ubsets ( subs e t s  of e le me nt s , no pair o f  whi ch 
diffe r by mor e  t han the s hort e s t  s i gnifi cant rangea of a s ubs e t  of t ha t  
s i z e ) :b · . 
Marti n ' s  Wi lliam ' s  Wai ler ' s  Giffi n ' s  Wa pora 
acompute d  range s  ( ranges fo r alpha = 0. 05 ) 
C Lake Campus 
bponds not unde r s c ored by the same li ne are s i gni fi cant ly di ffe re nt .  
P onds unders core d  by the same line are no t si gnifi cant ly di ffe re nt . 
. Table 12 . Result s  of Dunca n ' s  new multi p le ra nge 
t e s t :  treatment ; log t otal a lgae 
( nwnbers/l )* 
Treatment means i n  ranked o rder 
Ponds Mean S tandard deviati on Number of 
c lake 2 . 149 1 . 8085 
Wapora 3 . 2 73 1. 2 079  
Marti n ' s  3 . 324 o. 7283 
Wi lli am ' s  3 . 801 0. 3101 
Wai le r ' s  3 . 9J6 0 . 3064 
Giffi n 1 s  4. 239 0. 6111 
Campus 4 . 380 0. 2 155 








· *There are two homogene ous s ub s e t s  ( s ubs ets of e lement s ,  no p ai r  of 
whi ch di ffe r bb more than the short e s t  s i gnifi cant rangea of a s ub s e t  
o f  t ha t  s i ze ) : 
C Lake Wapora Martin ' s  Wi lliam ' s  Wai le r ' s  Gi ffin 1 s  Campus 
*Comput e d  range s ( ranges for alpha = 0 . 05 )  
bponds · not unde rscored by the s ame li ne are s i g ni fi cant ly di ffe re nt . 
Ponds unders cored by the s ame li ne are not si gni,fi cant ly di ffe re nt . 
are not enti re ly unique with r e s pe ct t o  the de pe ndent variab les 
analyzed i n  the r e gres s i on ana lysi s fo r each p ond . As i ndi cated 
1 n the tab le s  of results for the Duncan ' s  mu lti ple range t e s t s  for 
eac h  of the sets of treatment means , t he ponds not u nde r s c o r e d  by 
t he same li ne a re s i g ni fi cant ly diffe re nt and thos e  ponds under s c o r e d  
by t he s ame li ne a re not si gnifi cant ly diffe rent . 
A s  sugge s t e d  i n  the di s cus si on con c erning the " no nuni que ne s s "  
o f  the log total bacteria wi th re gard to t he s even ponds s ample d ,  
perha ps thos e ponds whi ch a re not si gni fi c a ntly diffe re nt (whe t he r  
cons i dering production or phytoplankt on ) a r e  limi t e d  t o  s ome urnne a s ur e d  
c ont r olli ng fa ctor or gro�p of factors connnon to a ll .  Those ponds i n  
t he s e cond homogene ous subset whi ch are s i gni fi cant ly di ffe rent from 
t he first may be limite d by a diffe rent e nvi ro nme ntal f a c t o r  or  group 
of fact or s . As Wa ls h  ( 1971 ) has e xpre s s e d , the relati onships be twe e n  
the habi tat variables (independent variab les ) and the de pe nde nt 
vari able s may or may not b e  th os e of dir e ct interacti on and ,  t he r e -
fore , " the . fi rs t- orde r nature of the • • • ( pre di c t e d  e nvi ro nme nta l  
fact o�s ) • • •  ma y  mas k othe r unmeasured controlli ng factors o f  e a c h  
e cosystem. " 
The r e su lt s  of the phyt oplankton a nalys e s  are pr e s ented i n  
A ppendi c e s  C a nd  D .  A ppendix C i s  a s pecie s lis t  compi le d from the . 
phyt o plankt on encountered i n  a ll s e ve n  ponds throughout the s ampli ng 
peri od ( 17 June t o  25 Augus t 1 974 ) . The r e s ults of t he quanti tative 
and qualitative a na lysi s of t he phyto plankt on for e ach of the ponds 
sample s is pre s ent e d  in A p pendix D (T ab le s  Dl through D7 ) . The 
organi sms re ported i n  thes e table s are , for the mos t  pa.rt , tho s e  whi ch 
6 7 
compri sed 10 percent ( or more ) of the t otal  for at le as t one sampling 
date . The data for each spe cies a s  reported  f or the 10 sampling dates  
are accompanied  wi th the percent t otal number of organisms for that 
particular sampli ng date ·  a long with their actual numbe rs .  
I t  i s  i nteresting t o  note that th ose ponds (Weiler • s and 
Campus ) which were found to have the greatest  s pe ci es diversity 
(Appendix C )  throughout the e ntire sampling peri od had t he hi ghest 
numbe r of significant inde pendent variables appearing in the r e gression 
equations (Table 8 ) .  Although Charles to n  Lake had t he s e cond hi ghest 
total number o f  s pe cies during the sampling period, lit tle o r  no net 
phytoplankton we re present for the fi rst three weeks and re lati vely 
low a lgal densities  were obtained for the remai nder of the sampli ng 
period (Appendix D , Table Dl ) .  
The data of Appendix D s eem t o  s uggest that • t he " re lati ve " 
suc ce s s  of any one organis m i n  an envi ronment , whi c h  at any gi ven time 
will support only a give n amount of phytoplankton , i s  better predicted 
by the perce nt t otal than by actua l numbers . For e xample , the a ctual 
numbers of a given s pecies may dec rease from one sampling pe riod to 
the next though the percent tota l may i ncrease . This indi cates that · 
though the " absolute " success of that specie s  (actua l numbers ) dec li ned,  
its  re lative suc ces s  i n  re lati on to ot her s pe cie s  i n  an enviro nme nt 
under the i nfluence of sone limiti ng factor or  grou p  of factors has 
i ncreased.  I n  s ome situat ions there may be no significant chan ge i n  
the a ctual numbers from o ne  s ampling date to  tll3 next , though there 
i s  a s i gnifi cant decrease in the perce nt total.  In thi s case the 
particular s pe cies ' relative success in the phytoplankton communi ty 
has declined. 
6 8  
Sawye r  ( 1947 ) suggested that nui sanc e  algal  blooms c an be 
expe cted when total phosphorus exceeds 0 . 01 mg/l and i norgani c nitro­
gen exceeds O. J mg/l.  I n  this study a ll ponds sample d  met thi s 
requirement (Appendix B )  but only 6 of the 7 had a lgal blooms . The 
following blooms were observed  during the sampling period : 
Giffi n ' s Pond : A phani z ome non flos -aquae 
Hydrodi ctyon ret i c ulatum 
Wai ler ' s  Pond:  Anabaena spiroi de s  
Aphanizomenon flos -aquae 
William ' s  Pond : thi c k, floating mats  
o f  fi lamentous gre e n  
algae brea king away f rom 
the side s whe re t hey were 
once intermingled wit h  
Potamo geton s p .  
Martin ' s  Pon d: Ce ratium hi rundine lla 
Wapora Pond and 
(!,. f los -aquae·  
observed aft e r  
s ampling was t e r ­
minated ) 
Charleston Lake: :  b loom of g reen c o c c oids o n  s ome par t s ,  a nd 
along the sides ( however , not e ncount e re d  
a t  sampling sit e} 
Charleston Lake and Wapora p ond s e emed t o  have many c ommon 
characteris ti cs ( such as the lack  of a t he rmoc line due to the shallow 
mea n  depth, good cir culation , high turbidity ,  e tc . ) . B oth had b looms 
occurring about the same time , t he gr,owth subsisting wi thin the surface  
microlayer o f  t he pond where light was not limite d  by t h e  hi gh turbi dity. 
In all ot he r  ponds sampled,  after the settling of si lt brought in by 
the s pring rai ns, the turbidity remained relatively low and ,  in most 
cases ,  light was probably not li mi ting wi thin the f irst few me t e r s . 
However , due to  the extreme trans parency of the wate r in Gi ffi n 1 s  a nd  
Martin ' s  ponds , production may have bee n  suppresse d by the hi gh li ght 
i ntensi tie s  near the s urface . ? n  thi s sit uatio n t he hifjhest ra t e  
of photosynthesis wa s  probably oc curri ng below the t op meter ( from 
Round , 1961 ) .  
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CONCLUS IONS 
1 .  The u s e  o f  s t epwi S e  mul tip le l ineat regre s s ion ana lys i s  for 
s creening hab i tat var i ab l e s  tha t migh t  be important in pred i c t ing 
var iation of b io logical p arame ters may prove to be a valuab l e  too l  in 
aqua tic rese arch . In thi s s tudy a s erie s o f  mul t ip l e  l inear regre s s ion 
equat ions were c al culated in order to det ermine . the , re l a t ive importance 
of s everal hab i tat variab l e s  in pred i c t ing gro s s  p r imary prodcutivity,  
hetero trophic bacterial numbers , and ne t phytop lankton dens i t i e s  fo r 
each o f  the s even pond s s amp l ed . 
2 , In order to de termine which dep enden t and indep endent var i ab l e s  
d i f fered s igni f i c antly acro s s  pond s and / o r  through t ime , a computer pro gram 
for the analys i s  o f  variance for fac torial des ign wa s u s ed , The s e  
s t at i s t i c s  ind icated tha t turb id i ty and anunon ia and pho sphate concentrat ions 
d i f fered s igni f i c antly acro s s  p ond s and through t ime , Log to tal bac teri a ,  
wa ter tempera ture , and d i s s o lved oxygen were found t o  d i f fer through : : 
t ime only with p roduc tiv i ty ,  phytop l ankton , pH, and ni trate and sul fate 
conc entrat ions d i f fering s ign i f i c antly acro s s  pond s only . 
3 .  In order to ga in some ins igh t  into the na ture o f . the d i f ferenc e s  
o f  the dependent var iab l e s  ( p roduc t ion and phytop l ankton den s i ty) which 
were shown by the analys i s  of variance to d i f fer s igni fic an t ly acro s s  
p ond s , a computer program for the Duncan ' s new mul t ip l e  range t e s t  wa s 
used , 
4 .  The s ta t i s tical analy s e s  u t i l ized in thi s s tudy sugge s t  that 
there i s  usua l ly no one hab i tat variab le respon s ib le for ( i . e . , c orre l a ted 
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w i th) the dens i t ie s  o f  phytop lankton and bac ter ia and the rate · . o f  
p roduc tion � .  When cons idering · : the contro l l ing e l ement ( s )  o f  an · 
eco sys tem at any one t ime , i t  appears that the interac t ions between 
the phys ical , chemical , · and b io logical fac to rs are p robab ly mo re 
important in determining ( o r  pred ic t ing) environmental cond i t ions than 
any one hab itat vari ab l e  alone . 
5 .  E ach o f  the s even pond s  app eared to be unique wi th respec t 
to the hab i tat vari ab le s  corre l ated wi th tho s e  b io lo g i c a l  p arame ters 
analyzed as the dep endent var iab l e s . However , the dep endent var iab l e s  
thems elves ( e sp ec ial ly the bac ter ial number s )  were no t ent irely unique 
with regard to the pond s samp led . As ind icated by the Dunc an ' s mul t ip l e  
range te s t  (bac ter i a  d id no t d i f fer acro s s  pond s )  the re were two homo ­
geneous sub s e t s  o f  pond s for bo th o f  the treatment me ans analyzed ( p rod­
uc t iv i ty and log to tal al gae) ; the pond s wi thin a g iven sub s e t  d i f fered 
s igni f icantly from tho s e  o f  the second sub s et . 
6 .  The qual itative analys i s  o f  the phytop l ankton when related with 
the regre s s ion analys i s  s eemed to show that tho se ponds which were found 
to have the greate s t  sp ec ie s  d ivers i ty throughout the s amp l ing period 
had the highe s t  number o f  s igni f i cant var iab l e s  app ear ing in the regr e s s ion 
equat ions . 
7 .  The phytop l ankton data seemed to ind icate that the succe s s  o f  
any one organism ( i . e . , i t s  relat ive succe s s  in the phytop l ankton communi ty) 
in an environment , wh ich at any given t ime wi l l  support only a given 
amount o f  p l ant and animal l ife , i s  pet ter pred ic ted by the percent to tal 
than by ac tual number s .  
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APPEND IX A 
DESCRIPTION OF PONDS 
80 
8 1  
Char les ton Lake 
Location : Sect . 25 , Tl 2N , R9E , Co les County , I l l ino i s  
Approximate age : 2 8  years 
Approx imate surface. area : 400 acres 
Appox imate depths : at "Samp ltng s ite · := 4 feet ( no thennal s trat i fication) 
. ." max imum = 10 : feet 
mean dep th = 2 . 5  to 3 . 0  feet 
Bottom : s il t  




Woodlots ·  and thicke t s �  
Non- t i l lab le land and s tock areas . 
About 303- ·  o f the land i s  in cutover fores ts . 
Mo s t  o f  the r e s t  ' i s  cult ivated , although many o f  
the fields are b e ing ab andoned and rever t ing back 
to fore s t s . 
Greasy 
Creek 
Po lecat  
Creek 
ek 
s s  River 
Charle s ton Lake 
s it e  
8 2  
G i f f in ' s Pond 
Lo cat ion : S ec t . 9 , Tl lN ,  Rl OE , Co les County , I l l ino i s  
Approximate age : 1 8  years ; however , it wa s drained and dredged 9 years 
ago . 
Approximate depths : at s amp l ing s i te = 12 to 15 fee t  ( thermal s tra t i f ic a t ion) 
max imum = 20 feet 
mean dep th = 8 feet 
App'fpximate'. �ur,t'a.�� · ar.aa :. 8 ac:re� 
. 
Surrounding area : Pr imar i ly agr iculture . 
Inuned iate area surrounded by sod with a p ine wood l o t  
o n  the southe a s t  s ide . 
Pond fed by an intermi t t ent s tream on the no rtheas t 
s ide ; Hurricane Creek . 
Miscellaneous : Young willows and higher aquatic s ( Po t amo ge ton) near 
shorel ine . 
Thick den s e  ma ts o f  Hydrod ic tyon oc cured in July . 
Dome s tic geese pre sent . 




G i f f in 1 s Pond 
/ 




8 J  
Weiler ' s Pond 
Location : Sect . 4 , Tl 2N , RlOE , Co les County , I l l ino is  
Approximate age : 1 year 
Approximate surface area : 0 . 7  acre s  
Approximate depths :  at samp l ing s it e  = 15 fee t ( thermal s trat i fication) 
maximwn • 2 0 feet 
B o t tom : s il t  
OWner : W i l l iam A .  Wei ler 
Origin : . earthen dam bui l t · acro s s  a ravine ,  
Surrounding area : Oak-hicko ry woodlot in immediate area . 
Pond fed by runo f f  from unt i l led land u s ed 
to p a s ture s tock .  
Miscellaneous : L i t t l e  or no higher aqua t ic s . 
Extens ive growth o f  Spiro gyra in shallower area s . 




W e i l er ' s Pond 
. 
X S amp l ing s it e  
8 4  
Campus Pond 
Location : Sec t . 15 , Tl2N ,  R9E , Co les County, I l l ino i s  
Approximate age : 38 years 
Approximate sur face area : 1 . 2  acres 
Approximate dep ths : at s amp l ing s ite • 5 feet (nt> "theTmal s trat i fication) 
maximum • 7 feet 
mean dep th • 3 . 5  feet 
Bottom : s i l t  and debris 
Owner : E as tern I l l ino i s  Univer s i ty · 
Origin : excavation and sub s equent f i l l ing by rain fal l and runo f f  
Surrounding area : Open athletic field s  o f  l awn- typ e vege tation � 
Sma l l  woodlot o f  b lack locu s t  located near s outheas t  
end o f  pond . 
F ed pr imari ly by runo f f  with some drainage from Lantz 
gymnas ium . 
Nor th end o f  pond wi th s ome s edges and rushe s l ining 
the shorel ine . . 
Miscellaneous : In 1 9 3 7  the pond was s to cked with b a s s  and channel cat­
fish . After thi s  many o ther species were introduc ed . In 
1956 the pond was po i s oned ( ro t enone and sod ium ars enite)  
and 600 pound s of f i sh removed ; c arp , bas s , channe l c a t f i s h ,  
and 20 o ther sp ecies . 
The edge o f  the pond was dredged in 1967 to e l iminate weeds 
and higher aqua tic s . · 
- N -.> 
Campus fond X S amp ing s it e  
B l ack locus t 
';·,Wi l l iam ' s Pond 
Location : Sect . 27 , Tl 2N ,  RlOE , Coles County , I l l ino i s  
Approximate age : 7 years 
Approximate surface area : 2·. 5 acres 
a s  
Approximate dep ths : a t  · samp l ing s it e  = 7 feet ( thermal s trat ificat ion) 
maximum = 12 fee t  
mean depth = 7 feet 
Bottom : s ilt 
OWner : Richard W i l l iams 
. .  
Origin :  earthen dam acro s s  eroded · ravine, the '.pond was bui lt  to 
funct ion in s toring runo f f , thereby a llowing sed imentation . 
Surround ing area : Primarily agricul ture ( corn ,  soyb ean , wheat). 
Al s o  unt i l led and p a s ture l and . 
Ent ire pond surrounded by two gras s e s ; 
Festuca elatior and Phalaris canariens i s . 
Miscel l.aneous : Potamogeton :tfas found growing around the ent ire shore­
l ine with the : inte�ingling· [ftlamentous· ;green · ·  · 
algae Rhizoclonium and Cladophora . 
W i l l i am ' s Pond 
..,_N-
X · Samp l ing s ite 
86 
Wapora Pond 
Location : Sec t . 4 ,  Tl 2N, RlOE ,  Co les County , I l l ino i s  
Approximate age : 5 years 
Approximate surface area : 4 acres 
Approximate depths : at samp l ing s ite = 4 feet 
maximum • 5 feet 
(no thermal s trati fication) 
Bo ttom: sandy loam 
Origin : excavation o f  the innnediate area and sub s equent fill ing 
by rain and runo ff . 
SurrounQing area : Area in s tate o f  early . s econdary succes s ion . Vegetation 




cover vegetation with a great deal o f  ero s ion . This 
pond being quite turbid throughout the s amp l ing 
period , Located in lowland with ' runo ff  from 
surrounding woodl ands and farmland . 
X S amp l ing s i te 
Wapora Pond 
Martin ' s Pond 
Location : Sect . 20 ,  Tl2N ,  R9E , Co les County , I l l ino is  
Approximate age : 4 years 
Approximate surface area : 0 . 6  acres 
J 
87 
Approximate dep ths : at samp l ing s ite = 14 feet 
maximum = 20 feet 
mean dep th • �· 9 feet 
( thermal s trati fication) 
Bottom: s andy loam in shallower areas 
s i l t  in deeper areas 
OWner : Richard Martin 
Origin : earthen dam bui l t  acro s s  a deep and b ad ly eroded ·rav1neA 
Surrounding area : Very s teep hi l l s  le ad ing down into the ·ravine .•  
Hi l l s id e s  covered with l awn gras s .  
Young wil lows along shorel ine o f  deep er parts 
of pond and an o ak-hickory woo d l o t  a t  the 
shallower eµ.d . c A soybean . field is located 
above the ravine�  and contributes a great deal 
of s il t  to the pond . due to runo f f .  
Miscel l aneous : Po t amo geton was found growing along the shorel ine with 
several intermingl ing species o f  filamentous green 
algae . 
Soybean field 
.+--N - Martin 1 s Pond 
W i l low 
X S ampl ing s ite  
8 8  
APPENDIX B 
: DATA ; 
ranges , means , s tandard deviations , correlat ion matrices 
Charles ton Lakes 










10  S04 
1 1  Turb 
12 L tD 
13  lgAl g 
14 ATemp 
1 5  N02 
1 6  T ime 
High 
28 . 0 
1 3 . 4  
8 . 4  
1 0 , 000 
7 . 5 
6 . 47 7 12  
0 . 1 3 
1 0 . 0  
: o :. 3 60 
5 3 . 0  
200 
14 . 95 
3 . 9 7 5 6 1  
3 1 . 0  
0 . 090  
17  lg  Unidenti fied Eugleno ids 
18  lg  Ch l amydomonad s 
19 lg  C o c c o ids  
20 lg Eug l ena � 
2 1  lg  Trachelomonas spp . 
2 2  l g  Metabo lic Eug leno ids 
2 3 l g  Euglena acutis s ima 
24 lg Sum Euglenoids  
8n (number o f  cases)  = 8 
Low Mean 
2 1 . 0 .  25 . 37500  
7 . 1 8 . 5 8 749 
7 . 3  7 . 7 7499  
. 2800  647 5 . 00000 
0 . 3  2 . 1 8 7 5 0  
3� 00000 4 . 7 6663  
o . o  0 . 04 1 2 5  
2 . 3 6 . 1 6 249 
0 . 150  0 . 2 6 1 8 7  
1 7 ". 0  45 . 1 2 5 00 
- 41  80 . 5 0000 
1 3 ". 26  14 . 5 0 8 7 4  
1 . 00000 2 . 149 3 7  
23 . 0 27 . 5 0000 .'; 
0 . 01 6  0 . 047 3 7  
1 3 . 03 1 2 5  
1 .  7 38 7 0  
1 . 1 5 8 94 
l. . 63 141  
0 � 8 6 2 7 2  
0 . 9 7 47 5 
0 . 6 6 6 2 0  
0 . 2 9 8 65 
2 . 03234 
S tandard 
Deviat ion 
2 . 86294  
2 . 1 8 1 3 8  
0 . 3 6 154 
27 7 8 . 3 5 9 3 8  
2 . 44039  
1 . 06683  
0 . 04486 
2 .  7 67 1 2  
0 . 08 203 
1 2 . 1 94 1 1  
so . 7 2 89 6 
0 . 5 0 0 8 6  
1 .  8 0 8 5 5  
2 . 9 2 7 7 0  
0 . 02459 
2 . 66068 
1 . 49 1 1 1  
1 .  2 9 243 
1 . 3 69 24 
1 .  23047 
1 . 1 1 343 
1 . 23402 
0 . 8447 0  
1 . 2 645 3 
Correlation matrix u s ed in regre s s ion analy s i s ; Char l e s ton Lake 
Variab le  
number a 1 2 3 4 5 6 7 8 9 1 0  1 1 12 13 
1 1 . 000 0 . 414 0 . 3 9 0  - 0 . 2 8 3  0 . 3 81 - 0 . 005 - 0 . 02 1  - 0 . 549 - 0 . 5 84 0 . 5 1 8  - 0 . 6 9 2  - 0 . 7 7 0  0 . 91 2  
2 1 . 000 0 . 887 - 0 . 5 5 9  0 . 1 24 0 . 445 - 0 . 5 9 5  - 0 . 5 3 8  - 0 . 7 5 9  0 . 23 2  - 0 . 2 5 7  - 0 . 400 0 . 47 6  
3 1 . 000 - 0 . 5 84 0 . 2 2 0  0 . 1 9 9  - 0 . 694 - 0 . 39 9  - 0 . 8 3 6  0 . 17 9  - 0 . 1 8 3  - 0 . 1 6 6  0 . 5 1 2  
4 1 . 000 - 0 . 201 - 0 . 2 1 2  0 . 1 7 8  - 0 . 001 0 . 480 - 0 . 5 6 1  0 . 5 7 4  0 . 082 - 0 . 47 1  
5 1 . 000 - 0 . 7 1 2  - 0 . 544 0 . 1 21 - 0 . 488 0 . 355 - 0 . 2 8 2  0 . 09 1 · 0 . 5 84 
6 1 . 000 0 . 302 - 0 . 5 7 7  0 . 149 - 0 . 2 1 8  0 . 03 2  - 0 . 5 2 9  - 0 . 1 34 
7 1 . 000 - 0 . 04 6  o .  7 1 2  - 0 . 100 - 0 . 07 7  - 0 . 3 04 - 0 . 1 8 3  
8 1 . 000 0 . 240 0 . 301 - 0 . 05 9  0 . 83 2  - 0 . 48 6  
9 l ._000 - 0 . 5 04 0 . 3 9 8  0 . 1 7 3  - 0 . 7 06 
1 0  1 . 000 - 0 . 9 2 2  - 0 . 1 3 5  0 . 49 0  
1 1  1 . 000 0 . 412 - 0 . 5 9 0  
1 2  1 . 000 - 0 . 5 8 6  
1 3  1 . 000 
avariab l e  numbers re fer to the fir s t  13 variab l e s  l i s ted in the p receding means and s tandard deviat ions 





4 Lt!  
5 Prod 
6 lgBac t 
7 NH4 , 
8 N03 
9 P04 
10  S04 
1 1  Turb 
12 L tD  
. 13 lgAlg 
14 ATemp 
1 5  N02 
1 6  Time 
Giffin ' s Ponda 
30 . 0  
14 . 8  
9 . 9  
9 6 00 
3 . 3  
6 . 47 7 12 
0 . 28 
0 . 80 
t o .  2 2 0  
1 6  
3 5  
14 . 95 
5 . 9 7457 
3 1 . 5 
D0 �019 
1 7  lg Unidenti fied Eug lenoids  
1 8  lg  Chlamydomonad s 
19  lg  Coc co ids  
20 l g  Aphanizomenon flo s - aque . 
2 1  lg  S t aurastrum spp . 
22  lg S chroederia s e t i gera 
23 lg  Sphaerocys t i s  s chroeteri 
24 l g  Micrac tinium quadri s e tum 
25 lg Micrac tinium pus il lum 
· Mean 
· --
2 1 . 0 27 . 2 9 9 9 9  
6 . 8  1 0 . 42 9 9 9  
7 u 8 . 88999  
2 1 00 7 080 . 00000 
0 . 4  1 . 3 2 0 00 
2 . 88930  4 . 05520  
0 . 03 0 . 1 6 1 00 
0 . 2 0 l 0 . 43000 
00 �000 0 . 1 3 5 5 0  
5 9 . 80000 
8 1 8 . 8 9 9 9 9  
1 3 . 3 6 14 . 4 1 3 9 9  
3 . 46434 4 . 23940 
2 1 . 0  28 . 75000 
o . o  0 . 00330 
13 . 6 2 5 00 
1 . 142 3 8  
2 . 38546  
2 . 60 60 1 
2 . 3 9 0 14 
0 . 3 9 9 2 7  
0 . 6 7 3 64 
0 . 6 8 8 14 
0 . 5 67 9 1  




3 . 14643 
2 . 7 3 7 8 1  
0 . 8 5 6 9 3  
2519 . 1 6943 
0 . 8 9 044 
1 . 1 3 9 8 2  
0 . 085 1 7  
0 .  2 2 6 3 2 : :  
0 . 10905 
3 . 3 9 2 80 
9 . 7 4 6 2 2  
9 . 74 6 2 2  
0 . 6 7 1 14 
3 .  3 1 8 7 2  
0 . 00564 
2 . 09 9 1 1  
1 . 28 6 1 7 
1 . 3883 8  
1 . 4 29 6 1  
2 . 2 8 3 6 0  
1 . 2 6 2 6 1  
1 . 42 145 
1 . 45097  
1 . 2 1 5 09 
1 . 45403 
-Correlation matrix used in regres s ion analys i s ; G i ffin ' s Pond 
Variab l e  
number a l 2 3 4 5 6 7 8 9 10 1 1  12 13 
1 1 . 000 - 0 . 6 2 7  - 0 . 2 9 5  0 . 41 5  - 0 . 6 3 7  - 0 . 2 15 - 0 . 3 7 2  - 0 . 1 3 1  - 0 . 449 - 0 . 6 03 0 . 03 9  - 0 . 3 6 5  - 0 . 7 35 
2 1 . 000 0 . 848 - 0 . 1 3 3  0 . 849 - 0 . 302 0 . 3 7 0  - 0 . 1 7 2  0 . 3 7 2  0 . 742 - 0 . 1 7 9  0 . 58 6  0 . 7 8 2  
3 1 . 000 0 . 1 3 2  0 . 615 - 0 . 5 2 8  0 . 09 8  - 0 . 606 - 0 . 01 7 0 . 6 6 0  - 0 . 0 2 1  0 . 7 1 5  0 . 5 7 2  
4 1 . 000 - 0 . 040 - 0 . 7 9 9  - 0 .  7.5 6 - 0 . 1 64 0 . 024 - 0 . 05 5  0 . 334 0 . 028 - 0 . 6 2 7  
5 1 . 000 - 0 . 2 5 1  0 . 329 0 . 002 0 . 5 60 0 . 65 6  - 0: 0 6 6  0 . 5 10 0 . 5 8 8  
6 1 . 000 0 . 588 0 . 37 3  0 . 032 - 0 . 344 - 0 . 3 9 5  - 0 .-3 75 0 . 133 
7 1 . 000 0 . 1 19 0 :01 2 0 . 1 3 9  - 0 . 3 8 5  0 . 207 0 . 5 7 9  
8 1 . 000 0 . 6 2 3  - 0 . 2 6 6  - 0 . 43 7  - 0 . 708 - 0 . 1 74 
9 1 . 000 0 . 437 - 0 . 5 3 7  - 0 . 05 6  0 . 039 
10 1 . 000 - 0 . 1 1 5  0 . 7 9 2  0 . 5 6 6  
1 1  1 . 000 0 . 240 - 0 . 05 3  
1 2  1 . 000 0 . 469 
13 1 . 000 
8vari able  numbers re fer to the firs t 1 3  variab l e s  l i s ted in the: p receding means and s tandard deviations 
tab l e . 





4 L tI . 
. 5 Prod . ;�. 6 � � gBaC:t 
7 NH4 
8 N09 
9 P 04 
1 0  S04 
: 1 1  Turb 
12  L tD  
13 lgAlg 
14  ATemp 
15 N02 
1 6  T ime 
3 2 . 0  
14 . 4 
9 . 5  
9900 
3 . 4  
5 . 3 145 1 
0 . 57 
0 . 7 0 
o .  7 1 0  
14 
60 
14 . 9 5 
41�28362 
34 
0.)00 1 7  
1 7  l g  Unidenti fied Euglenoids 
1 8  lg Chl amydomonad s 
1 9  lg  Coc c o id s  
2 0  l g  Metabolic  Eugleno id s  
2 1  lg  Trache lomona s spp . 
2 2  lg  G loeocys t i s  sp . 
2 3  lg  Pandorina morum 
24 lg Anabaena spp . 
15 lg  · S chroederia set igera 
26 lg  Chodatel l a  longiseta 
2 7  l g  Aphanizomenon !!.2!.-aguae 
28 lg Sum Eugleno id s 
8n • 10 
20 . 5  
8 . 2  
8 . 5  
9 5 0  
0 . 1  
3 . 2 6 7 3 2  
0 . 1 2 
0 . 20 
0 . 030 
4 
8 
13:' 35 5  
3 . 5 7 7 6 1  
1 5  
o . o  
Mean 
: _ ·, 2 7 ,_· 2 0000 
10 . 12000 
8 . 7 3 000 
6525 . 00000 
i. L 2 8000 
33 � 8 2 6 5 6  
0 . 28800  
)0 . 5 1 000 
0 . 2 7 2 00 
' · 9 : 70000 
26 . 7 9 9 9 9  
14 . 43099  
3 . 9 3 6 8 5  
28 . 2 5000 
0 . 00190  
14 . 32500  
2 . 0 2 7 3 9  
�· 2 �8 1485 
:; 3 :. 2 6046 
0 . 7087 8 
a . 9 8 1 60 
0 . 2 7 6 1 9 
0 . 305 5 0  
0 . 45 26 2  
0 . 3 1 5 7 8  
0 . 45 2 6 2  
0 . 1 7 7 8 2  




3 . 9 7 3 5 2  
1 .  7 2 8 7 1  
0 . 2 9 83 3 
2 649 � 4487 3: 1  
o-. 9 2 1 1 1  
0 . 58969  
0 . 1 3045 
0 . 2 1 3 18 
0 . 25 3 7 2  
2 . 7 5 0 7 6  
19 . 1 7 638  
0 . 6 1 3 84 
0 . 3 0 645 
5 . 94068 
0 . 002 1 8  
1 .  64 1 6 9  
1 . 05 7 22 
1 . 1 0 0 6 2  
0 . 25 1 5 8  
1 . 49460 
1 . 5445 6 
0 . 8 7 340 
0 . 9 6 607 
0 . 9 6032  
0 . 9 9 8 5 7  
0 . 95098  
0 . 5 6 2 3 0  
1 . 10295  
. -� 
- _ : _· : .- ""'!>·.::;'� ::_:--: : .• -: · -� - ·-·-.· �- ··�::� 4 .. • •  . .....  - � :  _; � .  : - : .. . ... �-� •• =�· � "": -� . ·.� :': . . :_;. �· ....
.. • .  
. -... --=- · .










· ��- - ::·· : .:-- ��;--��\ :: · �· . •  �--< �: � -; :�� �rrelatio� matrix u�ed i� reg�e��ion·. �°alys.is ;  ' 't-lei��� '-� P��d . "· · ·  . 
: I •• , .· · 
- .·, • �-.; .: :' • .• • "  ".. • . • : "• :  ·. '.,. \ - ) •  ", • '  • ; - c  • .. "' . - • •. ·. . ' • • ,. • ' ;• "' 
Variable 
.number8 
. . -1 
· 
.. - 2 
� :- ·  . .  · · . 3 
: } _: : _  4 
- �  
: 6 
. .  7 
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�-:�;�: : · · · --.� - : 
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_ _ -,._ 
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-. -.,- " ';- -.-� > :· . --�-:.: .. ;�: :·��-. �� � - .... .. :;_ . 3 ·· - : 4 ·.· 
. S 
. · · 
. 7 · · · · 7 · · ::�s-
.
. e�;: . � 9 
. 
· to . :· 
























- - . . - :; .. 
- :: ·.. 
.- .... - ... _ �-�-� - � -· . ' 
1 .000 0 . 067 0 . 233 
. . 1 . 000 0 . 93 6  . . . ;. : .. ·� . : . ... ' ·::: 1 . 000 
0 . 239 - 0 . 538 
0 . 2 8 7  0 . 145 
0 . 2 8 6  - 0 . 002 
• .  :y_ ,...., _ ...,- - · .. .  1 000 0 49 9 
. • . - < � -- " . : - ••· . • •  · : '  -: . • - • 
• ,., . . . • · . ;  . . · . - :  . · ,. :  ..,. . · · ' < · :·. : 1 . 000 
- ... -· . . �- . · . 
. .  ·· . . . ' · . . .. �; _ :  
.
. � -- ��:: � :- � - - -.;;._:-:· .... ;· · -





...... · _ ' · ' -; 
.· . · 
. • 
-� : - -· -
- 0 . 7 7 6  
- 0 . 1 84 
- 0 . 353 
0 . 243 
0 . 264 
1 ;006 
' •  - .� · " >  ::.- - • 
- �- �� ' - . _  : . ·:: :.. _ � - _- ....... 
... - � 
. .__ ·' - . -· �-... ·-.,.,_ . ..  
• ':.. > 
.-.- . : ' , _  � .  
. - � �::.· 
. 
.-




' . _, - ·  
-�-,; . - ' . 
·< -: . , , ' ·  .- �  
- 0 . 532 0 . 1 09 - 0 . 6 2 1  - 0 . 1 1 1  
- 0 . 1 34 -0 . 48 6  0 . 03 3  - 0 . 51 5 
- 0 . 2 9 2  - 0 . 4�5 - 0 . 1 8 9  - 0 . 6 24 
0 . 31 1  - 0 . 021 . - 0 . 15 0  - 0 . 49 9  
0 . 321 - 0 . 57 6  0 . 834 0 . 603 
0 . 7 7 0  - 0 . 136 0 . 6 1 9  0 . 0 6 8  
1 . 000 - 0 . 55 1  0 . 742 0 . 2 8 6  
; :  : 1 . 000 - 0-: 6 2 5  - 0 . 1 65 
. ; · _ :. 













. .  - �'z-·;� · - - .... · : · · ,: 
- 0 . 45 0 
0 . 1 8 2  
- 0 . 0 2 0  
- 0 . 03 1  
0 . 5 63 
0 . 51 5  
0 . 7 6 6  
- 0 . 6 9 8  
0 . 82 5 
0 . 233 
1 . 00 0  
. - :� - ·  
- :  
- - - _ ... . 
: ;..·.:: . - _ .. 
. -, - . .. - . .  · .  :,. " ': .  •· __ ; _,.  --
lZ 13 
- 0 . 214 - 0 . 3 7 7  
0 . 344 0 . 45 3  
o·. 16 3  0 . 232 
- 0 . 020 - 0 . 274 
0 . 6 64 0 . 2 64 
0 . 32 9  0 . 18 8  
0 . 6 3 8  - 0 . 082 
- 0 . 870 - 0 . 09 0  
. o .  7 7 2  0 . 1 7 9  
. 0 . 411 - 0 . 1 5 0  
0 . 6 9 8  0 . 235 
1 . 000 0 . 31 6  
. '. . . . . ' · - 1 . 000 
- - . 
-··- .; - �  
. . _ ... :. .:... _  - �--'- : 
8variable numbers refer to the first 1 3  variables l is ted in the preceding means and s tandard deviations 
table . . · · · . 
.
. .  




:; 3 pH 
4 Ltl 
5 Prod 
6 l gBac t  
7 NH4 
8 N03 · 
9 P04 
10 S04 
1 1  Turb 
12 L tD 
1 3  l gAlg 
14 ATemp 
15 N02 
1 6  T ime 
1 7  lg Unidenti fied Eugleno ids 
1 8  lg  Chlamydomonads 
1 9  lg Cocco ids 
- 20 l g  Me tabo l i c  Eugleno ids · 
2 1  lg  Microcys t i s  aerug ino s a  
2 2  l g  Merimopedia sp . 
2 3  lg  Phacotus lent icular i s  
2 4  l g  S c enede smus spp . 
33 . 0  
1 8 . 4  
9 . 2  
:. 19 , 000  
5 . 6  
4 . 9 2942 
. 0 . 1 7 
0 . 90 
C L 250  
43  
60  
14 . 95 
4�·83923 
33 . 5  
· · o·� oto 
Low 
25 . 0  
7 . 2  
8 . 1  
2500 
1 . 9  
3 . 82608 
0 . 40 
o . o  
0 . 07 0  
2 7  
3 8  
1 3 . 35 
4.;. 069 1 1'.; 
25 . 0  
o . o  
25 _lg Act inas trum hantz s chii var . fluviatile  
26 lg  Sum Eugleno ids 
8n • 10 
Mean 
28 . 2 9 9 9 9  
1 2 . 65999  
8 . 63999  
7020 . 00000 
· · 3 ; 65 000 
' 4 ". 3 695 1 
0 . 1 1 100 
0 . 2 9 000 
. .  0 . 18300 
3 2 . 29 9 9 9  
43 . 7 9 9 9 9  
14 . 349 99 
4 . 38015 
28 . 049 9 9  
· 0 . 0 0 1 6 0  
13 . 7 5 00 0  
2 . 80347 
3 . 65 7 54 
3 . 9 0 03 8  
2 . 30552  
1 . 20044 
0 . 9 6 09 8  
0 . 3427 2 
2 . 688 1 6  
2 . 18906  




2 . 2 9 9 7 6  
4 . 1 7 1 1 2  
0 . 3 9 7 7 7  
249 T. 4643 6 ' 
1 . 13456  
0 . 38422  
0 . 04254 
0 . 34140 
0 . 06482 
5 . 05 635 
0 . 5 8 1 7 7  
0 . 5 8 1 7 7  
0 . 2 15 5 3  
3 . 5 7 8 1 0  
0 . 003 13  
2 . 90832  
0 . 45 7 0 6  
0 . 27 5 6 1  
0 . 1 1 7 2 1  
1 .  2 7 7 2 0  
1 .  9 6430 
1 . 60606  
1 . 0837 6 
0 . 47 0 5 6  
0 . 30435 
0 . 5 2 13 0  
















a 1 2 3 4 5 6 7 8 9 10 11 12  13  
1 . 000 0 . 405 0 . 241 0 . 5 7 6  0 . 204 0 . 063 0 . 388 0 . 231 0 . 172  0 . 240 0 . 067  - 0 . 5 6 8  0 . 6 64 
1 . 000 0 . 941 0 . 1 65 - 0 . 2 9 9  0 . 109 0 . 35 7  - 0 . 24 7  0 . 028  - 0 . 1 5 8  - 0 . 1 9 6  - 0 . 368  0 . 3 6 1  
1 . 000 0 . 040 - 0 . 554 0 . 09 2  0 . 286  - 0 . 42 2  0 . 098  - 0 . 288  - 0 . 2 04 - 0 '; 1 69 � 0 . 3 6 1  
1 . 000 0 . 040 - 0 . 554 0 . 09 2  0 . 2 8 6  - 0 . 2 6 7  - 0 . 181  - 0 . 1 7 1 -: 0 �  048 0 . 444 
1 . 000 - 0 . 1 09 -0 . 204 0 . 41 7  - 0 . 454 0 . 383  0 . 2 6 1  - 0 . 050  0 . 01 8  
1 . 000 0 . 067 0 . 215 - 0 . 055 0 . 030  - 0 . 41 9  - 0 . 05 2  - 0 . 44 6  
1 . 000 0 . 008 0 . 5 8 3  - 0 . 487 0 . 29 6  - 0 . 845 0 . 1 7 5  
1 . 000 - 0 . 214 0 . 33 7  - 0 . 2 5 9  -0: 2 60 _· - 0 . 1 9 3  
1 .. 000 - 0 . 1 5 6  0 . 41 5 - 0 . 5 5 7  0 . 3 64 
1 . 000 0 . 07 7  0 . 01 2  0 . 243 
1 . 000 - 0 . 2 64 0 . 1 9 9  
1 . 000 - 9:422 
1 . 000 
8variab l e  numb ers re fer to the firs t 13 variables  l i s ted in the p reced ing means and s tandard deviations 
tab l e . 
97 
Will iam:': s Pond8 
S t andard 
Variab le High . Low ' . Mean Deviat ion 
-- --
1 WTemp 31 . 0  2 1 . 0 27 . 549 99 3 . 435 5 2  
2 DO 1 2 . 4  7 . 4 9 . 0 9 9 9 9  1 . 95 5 6 2  
3 pH 9 . 5  7 . 4 8 . 2 19 9 9  0 . 6 5 8 2 6  
4 Ltl 9400 1800 6800 . 00000 2765 . 2 5 9 7 7  
5 Prod 2 . 4  0 . 3  1 . 03000 0 . 65 3 2 8  
6 l gBac t 5 . 48287 3 . 3 1 1 7 5  3 . 92499 0 . 6 1 2 80 
7 NH4 1 . 5 0 0 . 08 0 , 38000 0 . 407 7 6  
8 N03 0 . 70 ;,o , o 0 . 41000 0 . 2 3 3 1 0  
9 P04 0 � 460 i)Q . 03 0  0 . 1 6000 0 . 1549 2 
10 S04 2 1 . 0  o . o 1 5 . 80000 6 . 7 29 7 0  
1 1  Turb : � 380  13  7 6 . 6 9 9 9 9  1 13 . 7 8 1 5 6  
1 2  L tD 14:: 95 5  13 :: 2 6  14 . 1 2 5 00 1 .  9 9 7 3 9  
1 3  l gAlg 4� 4344.7,ci 3 . 247 24 3 . 80098 0 . 3 7 0 1 2  
1 4  ATemp 33 . 5  2 2 . 0  29 , 549 9 9  4 . 47493 
1 5  N02 0 , 014 o . o  0 . 00250  0 . 0 04 2 0  
1 6  T ime 14 . 1 2 5 00 1 .  9 9 7 3 9  
1 7  lg  Unidenti fied Eugleno ids 2 . 25870  1 . 06429 
1 8  l g  Chlamydomonads 2 .  054 7 1  1 . 47 7 3 1  
19  lg  Coc co id s  3 . 4 1385 0 . 5 6 298  
20 l g  Metabo lic  Eugleno ids 0 . 7 7 07 5  1 .  2 6 0 6 2  
2 1  lg  T rachelomonas Spp ; 2 . 25890 0 . 9 285 1 
2 2  lg O ther F l agel l ates 0 . 7 7 0 7 5  1 .  2 6 0 6 2  
23 l g  Microcys tis  spp . 0 . 8 2 2 6 7  1 . 33915  
24 lg  Sum Euglenoid s 2 . 35 149 . 1 . 03 7 1 6  
8n :" 10 




S t andard 
Variab le liigh - .� . .  Mean Deviat ion 
l Wremp 33 . 9 . 24 . 0 28 . 5 9 9 9 9  2 . 6225 5 
2 DO 13 . 5 5 . 5  9 � 55000 . _  2 .  7 2325 
3 pH 9 . 3  6 . 9  8 . 2 7 9 9 9  0 . 8 1 3 5 0  
4 L t !  1 0 , 000 2 900 7440 . 00000 2001 . 7 7 63 7  
5 Prod 4 . 1 o . o  1 . 39000 1 . 58005 
6 . lgBact . · . 5 . 54654 3 . 255 2 7  4 . 234 2 1  0 . 7 5 7 7 0 
7 NH4 o �  62 '.� 0 � 1 2  0 . 3 0400 0 . 1 7 702  
8 N03 4 . 00 0 . 7 0 1 . 9 1000 1 . 09 69 1 
9 P04 0 . 5 1 1  0 . 040 0 . 22050 0 ; 1 9 07 9 
10 804 25  0 1 3 . 9 0000 9 . 7 1 1 9 6  
1 1  Turb 7 00 2 2  205 . 3 9 9 9 9  267 . 20654 
1 2  L tD �4 . 95 1 3 . 35 14 . 35 1 1 9  0 . 5 7 3 2 6  
1 3  l gAlg : 4  1236 1;00000 3 . 2 7 30 6 1 . 2 07 9 0  
1 4  ATemp 33 . 0  2 1 . 0 2 8 . 3 9 9 9 9  3 . 7 5 500 
. 15  N02 0 . 1 10 o . o  0 . 04220  0 . 04046 
1 6  Time 1 3 . 6 7 500 2 . 5 05 6 9  
1 7  lg  unident i fied Eugleno ids 1 . 549 7 6  1 . 3 7 5 7 3  
1 8  lg Chlamydomonads 1 . 93583  1 .  69653  
1 9  lg Coccoids  2 . 2 7 3 14 1 . 6 0 1 9 7  
20 lg  Phaco tus  lenticulari s 0 . 625 6 1  1 . 34337  
2 1  lg Me tabo l ic Eugleno id s 0 . 3 628 2 ' 0 . 7 6 5 1 6  
2 2  l g  Trachelomonas spp . 0 . 88833 1 . 18585  
23 l g  G loeo cy s t i s  sp . 0 . 64743 1 . 3 8 0 7 6  
2 4  l g  Micractinium pus i l lum 0 . 307 15 o .  97 1 3 0  
25 lg Anki s trodesmus falcatus 0 . 5 2 7 2 8  1 . 1 29 68 
. 2 6  lg Sum . Eugleno id s 1 .  679.80 1 . 23418 
8n • 10 
Correla tion matrix u s ed in regres s ion analys i s ; Wapora Pond 















1 2 3 4 5 6 7 8 9 10 11 12 1 3  
1 . 000 0 . 585 0 . 6 1 8  0 . 3 2 6  0 . 293 - 0 . 642 - 0 . 452 - 0 . 257 - 0 . 628 - 0 . 242 - 0 . 5 6 0  - 0 . 1 5 6  0 . 413 
1. 000 0 . 849 - 0 . 1 84 0 . 39 1 - 0 . 308 - 0 . 7 3 6  - 0 . 406 - 0 . 651 0 . 007 - 0 . 3 2 2  - 0 ; 201 0 . 37 6  
1 . 00 0  - 0 . 206 0 . 5 1 5  - 0 . 480 - 0 . 7 3 0  - 0 . 49.0 - 0 . 7 8 8  - 0 . 03 3  - 0 . 5 3 5  - 0 ;446 ' 0 . 282 
1 . 000 0 . 23 1 - 0 . 253 0 . 009 - 0 . 1 13 - 0 . 025 - 0 . 1 6 8  - 0 . 1 6 2  - 0 . 261 0 . 209 
1 . 000 - 0 . 5 6 5  - 0 . 600 - 0 . 6 6 6  ;; 0 . 1 2 2  0 . 429 - 0 . 6 1 2  - 0 . 87 6  0 . 440 
t. ooo 0 . 7 0 6  0 . 7 81 0 . 840 - 0 . 1 9 6  0 . 9 1 3  0 . 6 7 3  - 0 . 746 
"' 1 . 000 0 . 8 6 7  0 .-8 6 7  - 0 : 3 7 8  0 . 74 3  0 . 6 65 - 0 . 7 5 0  
1 . 000 0 . 83 8  - 0 . 5 34 0 . 7 3 8  0 . 83 6  - 0 .  7 7 2  
1 . 000 - 0 . 3 1 2  0 . 8 6 2  0 .  709 - 0 . 746 
1 . 000 - 0 . 2 6 6  - 0 . 458 0 . 423 
1 . 00 0  0 . 684 - 0 . 7 8 2  
1 . 000 - 0 . 468 
1 . 000 





1 0 1  
Martin ' s Pond a 
S tandard 
Variab le  High Low Mean Deviat ion 
l>�WTemp 3 1 . 0  2 1 . 0  27 ; 7 7 7 7 7  2 . 9 5 9 2 1  
2 DO ' .  14 . 0  7 . 2  10 . 07 7 7 7  2 . 15 684 
3 pH 8 . 9  6 . 7  8 . 34444 0 . 6 6 3 5 3  
4 L t !  9300 530 . 7225 . 5 5469 2587 . 7 7 2 7 1  
5 Prod 2 . 3  o ; o 0 . 38889 0 . 7 3 3 9 0  
6 l gBac t · 5 , 04139 . 3.;.024 1 2 :.  3 . 9 3 3 3 7  0 . 67 2 1 7 
7 NH4 0 . 20 o �.ou . 0 . 09000 0 . 0 7 0 1 8 
8 N0 3 . 0 . 90 o . o  0 . 48899  0 . 32 5 7 5  
9 P04 0 . 500 0 . 020  0 . 1 1 2 2 2  0 . 1 5 5 8 7  
1 0  804 ' 1 9 0 rn . 1 1 1 1 1  8 . 02 25 3  
1 1  Turb 200 5 44 . 8888 9 '.l  68 . 60655 
1 2  L tD 14 : 9 7  1 3 . 35 14 . 3 6888 0 . 60848 
. 13 l gAlg . �.49831 · 2 . 62 2 2 1  3 . 3 2 3 9 7  o .  7 2 830 
14 ATemp 20 . 0  322.5  29 . 7 2 2 2 1  3 . 7 84 1 0  
15  N02 . 0 . 005 o . o  0 . 002 2 3  0 . 0 0 1 6 6  
16 T ime 12 . 94444 1 . 90303 
1 7  l g  Unidenti f ied Eugleno ids 0 . 67 2 2 0  0 . 8 1830  
18  l g  Chl amydomonads 1 .  70479  1 . 3 6 25 2 
U l g  Coccoids  2 . 03655  1 . 2 5 7 04 
20 l g  Trachelomonas spp . o . 4e35 1 0 . 842 7 9  
2 �  lgCCeratium hirundinella  2 . 2 1 3 68 1 . 63240 
8n 
• 9 
Correl ation matrix u s ed in regres s ion analy s ;i. s ; Martin 1 s Pond 
Variab l e  
number a l 2 3 4 5 6 7 8 9 10 11 12 13 
1 1 . 000 0 . 029 0 . 801 0 . 7 6 1  - 0 . 1 1 6  - 0 . 7 7 9  - 0 . 6 9 8  0 . 808 - 0 . 1 1 7  0 . 807 - 0 . 92 9  - 0 . 5 3 3  "". 0 . 5 1 7  
2 l . 000 0 . 55 8  0 . 2 2 6  0 . 7 3 3  - 0 . 2 5 7  0 . 3 11 - 0 . 249 - 0 . 092 - 0 . 248 0 . 058 0 . 239 - 0 . 004 
3 1 . 000 0 . 8 1 7  0 . 314 - 0 . 7 8 7  - 0 . 403 0 . 43 6  - 0 . 155 0 . 35 2  - 0 . 7 29 - 0 . 275 - 0 . 3 9 8  
4 1 . 000 0 . 0 2 6  - 0 . 5 7 9  - 0 . 550 · 0 . 57 6  - 0 . 232 0 . 734 - 0 . 8 6 2  - 0 . 505 - 0 . 6 7 0  
5 1 . 000 0 . 09 9  0 . 248 - 0 . 455 - 0 . 1 3 2  - 0 . 5 9 0  0 . 3 2 7  0 . 21 9 0 . 5 6 2  
6 1 . 000 0 . 1 6 3  - 0 . 6 1 6  0 . 2 3 2  - 0 . 6 7 7  0 . 7 3 3  0 . 420 0 . 546 
7 1 . 000 - 0 . 574 - 0 . 194 - 0 . 6 1 3  0 . 6 8 6  0 . 306 0 . 2 6 9  
8 1 . 000 • - 0 . 2 7 6  0 . 8 6 2  - 0 . 85 2  - 0 . 7 5 0  - 0 . 633 
9 1 . 000 - 0 . 1 9 0  0 . 206 0 . 438 0 . 047 
10 1 . 000 - 0 . 9 5 1  -0 : 5 5 3  - 0 . 820 
11 l . 000 0 . 5 7 6  0 . 737  
1 2  1 . 000 0 . 434 
13 . 1 . 000 
a 
Variab l e  numbers refer to the firs t 1 3  variabl e s  l i s ted in the preceding means and s tandardr.deviations 
table . 
APPEND IX C 
PHYTOPLANKTON ENCOUNTERED ; 
1 7  June to 25 Augus t 1974 
1 0 ,)  
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Phytoplankton encountered , 17  June to 25 Augus t  1 9 74 . 
4Ponds sampled : 
A .  Charles ton Lake E .  William ' s Pond 
B .  Giffin '  s Pond F .  Wapora Pond 
e .  Weiler ' s Pond G . Martin ' s  Pond 
D .  Campus Pond 
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Phytop lankton encountered , 1 7  June to 25 Augus t 1 974 ' 
Algal Spec ies Pond s Sampled a 
A .  B c :  D E F :' G ., 
I .  D ivis ion Chlorophyta 
A. Cla s s  Chlorophyceae 
Chlamydomonads + + + + + + + 
Quadri flagel late Chl amyd�onads .  · . .  ; · :  + + 
Cococoids + + + + + + + 
O ther green fl agel lates + + 
1 .  Order Vo lvocale s  
Coccomonas ob iculari s  + + 
Dysmorphococcus variab i l i s  + 
Eudorina e legans + + 
Gonium pe c torale + 
G .  s o c i al e  + + 
Pandor ina morum + + + 
Phacotus lenticular i s  + + + + 
Ple6dorina i l l ino isens is + 
2 .  Order Tetrasporales 
Gloecys t i s  giga s + + + 
Tetraspora ge latino s a  ·+ + 
a � · order Chlorocotcales  
Ac t inas trum hantz s chii  + 
A .  hant z s ch i i  var . fluviat ile + + + 
- �-
Ank i s trode smus falc atus + + + . +  
A .  frac tus + + 
Chodatel la longi seta + + + 
c .  guadriseta  + 
c .  sub s  ala  + 
Coe las trum re ticul a tum + + 
c .  sphaericum + + 
Cruc igenia rec tangularis + 
.9.. tetrapedia + 
· Cruc igenia spp , + + 
Franceia droe s cheri + 
Franceia ep'. · + + 
Algal 
Phytopl ankton ( cont . )  
Species  
4 .  
Golenkinia  rad iata 
Kirchneriel l a  lunar i s  
K .  obe s a  var . maj or 
Micrac tinium pus i l lum 
M .  guadri s e tum 
Oocx:s t i s  spp . 
Ped ias trum boryanum 
P .  du;elex 
P .  s im;elex 
Pl ankto s;ehaeria ge lat ino s a  
S c enede smus  abundans 
s .  acuminatus 
s .  arma tus 
s .  b ij uga 
s .  d imo r;ehus 
s .  ob'l iguus 
s .  :ero tuberans 
s .  guadr i c auda 
S chroeder ia s e t igera 
S e l enas trum b ibraianum 
S e lenas tr.um sp , 
s;ehaero cys t i s  s chroe teri 
Tetraedron has tatum 
T .  muticum 
Tetraedron sp . 
T e tras trum elegans 
Treubaria cras s ip ina 
Treubaria sp . 
Order Zygnematales 
Clo s terium acero sum 
.Q. ehrenbergii  
c .  grac ile  var . elongatum 
Clo s terium sp . 
Co smar ium sp . 
S taurastrum gracile  
s .  ;eunc tulatum 
:§: .  oxx:ac anthum 
S tauras trum sp . 
�: 
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Pond s Samp led 
A B c D E F G 












+ + + 
+ 
+ + + 
+ 
+ + 
+ + + 
+ + + + 
+ 
+ 
















Phytoplankton ( cont . )  




v .  
Divis ion Euglenophy�a · 
A .  Clas s Euglenophyceae 
1 .  Order Euglenale s 
Euglena � 
E . acuti s s ima 
Unidentif ied Eugleno ids 
l'hacus spp . 
Trache lomonas armata 
T . hisp ida 
T .  s chauin s l andii  
T .  s imi l i s  
T . tambow ika 
T .  urec eolata 
T . vo lvoc ina 
Trachelomonas . .  s.pp . 
D ivis ion Pyrrophyta 
A .  Clas s D inophyceae 
1 �  'Order Perid iniales 
Ceratium hirundinel la 
D ivis ion Dryp tophyta 
A .  Clas s Cryp tophyceae 
� .  Order Cryp tomonadale s  . 
Cryp tomonad s 
Divis ion Cyanophyta 
A .  Clas s Cyanophyceae 
1 .  Order Chroococ cale s 
Coelosphaer ium kuetzingianum 
Eucap s i s  a lp ina 
G loeocap s a  spp . 
Gompho sphaeria aponina 
Mer i smopedia punc tata 
Meri smoped ia sp . 
Microcys t i s  aerugino sa  
�·  incerta 
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Ponds Sampled · 
A B c D E F G 
+ + 
+ + 
+ + + + + + + 
+ + + + 
+ + 
+ + + + + 
+ + ·  + 
+ 
+ 
+ + + 
+ + 
+ + + 
+ + + + 
+ + + 
+ 
+ 




+ + + 
+ + + 
Algal 
2 .  
Phytop l ankton ( cont . )  
Spec ies 
Order · o s c i l l atoriales 
Anab aena c irc inal is  
! · con s tric ta 
! ·  sp iro ide s  
Anabaena spp . 
Anabaenop s i s sp . 
Aphanizomenon .!!2!.• aguae 
G loeo trichia sp . 
No s to c  spp . 
· O s c i l latoria spp . 
Total 
Sp irul ina spp . 




Pond s Sampled 




+ + + 
+ + 






26  32  5 7 2 7  2 1  14 
APPENDIX D 
RESULTS OF QUANTITATIVE AND QUALITATIVE 
ANALYSIS OF PHYTOPLANKTON 
. 
109 
Table Dl . Re sul ts  o f  q�antitative and qual itative analys i s  o f  phytop l ank ton for Charles ton Lake 
a .  For the mo s t  p ar t ,  organ i sms reported are tho s e  which comprised 1 0 percent ( o f  more) o f  the total  for 
p �  at leas t one � amp l irig date . 
b .  Unles s  o therwis e  no ted , s amp l ing date s inc lude ' the 1 0 consecutive week s data were co l lected . 
c .  No data co l lected for week 7 · (fir�t week in Augus t) . 
d .' Data incomp lete , there fore omi t ted . 
e .  Number o f  organ i sms per l iter (Welch , 1948) . 
f .  �ercentages calcul ated on bas i s  o f  to tal  number o f  organisms per l i ter for each s amp l ing date . 
g .  More than one spec ies o f  Trachelomonas included : 
1 . ! ·  hispida 
2 .  T .  s chauin s l and i i  
3 . T .  urceo l a ta 
h. Sum o f  remaining ob se rved organisms no t speci fically s tated in table  ( tho se which never comprised 
10 percent o f  the total at any given s amp l ing date) . 
..... ..... Cl 













1 2 3 4 
504 
29 . 6  
44 
2 . 6 
267 
15 . 6  
326 
1 9 . 1  
297 




SamEling date s b 
5 6 
21 80 1 935 
23 . 0  45 . 6  
200 
4 . 7  
267 445 
2 . 8 1 0 .5 
400 534 
4 . 2  1 2 . 6 
556 44 
5 .  9 1 . 0 
267 
6 . 3  
245 
5 . 8  
6051 577 
64 . 0  u& 
9454 4247 
7C 8 9 1 0d 
200 1 91 e numbersf 6 . 2 27 . 1  % total 
1 046  203 numbers 
32 . 2  28 . 8 % total 
1290 275 numbers 





44 1 8 numbers 
1 ..3 2 . 5  % total 
numbers 
% total 
666 1 8 numbers 
20 .5 .b.2 % total 




Table D2 .  Resul t s  o f  quantitative and qual itative analys i s  o f  phytop lankton for Gi ffin ' s  Pond 
a .  For the mo s t  p art , o rganisms reported are tho s e which compri s ed 10 percent ( o r  more) o f  the total for 
at  leas t one s amp l ing date . 
b .  Unles s  o therwi s e  noted , s amp l ing dates inc lude the 1 0  consecutive weeks data were collec ted . 
c .  Number o f  organ i sms p er l iter (We l ch ,  1948) . 
d .  Percentages  c a l culated on b a s i s  o f  to tal number o f  o rganisms per l iter for each s amp l ing date . 
e .  More than one spec ies  o f  S tauras trum included : 
1 .  �·  gracile  
.: 2 .  � ·  punctulatum 
3 .  �· oxyacanthum 
4,� o ther spec ie s  no t identified 
f. Sum o f  remaining ob served organisms not spe c i fically s tated in table ( tho s e  which never comprised 
10 percent  o f  the to tal at any given s amp l ing date) . 
Table D2 . Results of quantitative and qualitative analysis of phytoplankton for Giffin ' s  Fonda 
Algae Sampling date s b 
1 2 J 4 5 6 7 8 9 1 0  
, .  
Unidentified 
Eugl.enoids 8.56 1 1 12 44 44 144 c numbersd 
6 . 8 5 . 3  1 .5 O . J 1 .J % total 
Chla.mydomonads 1 369 6675 578 734 1 914 2714 987 36 numbers 
1 0 , 9  3L 9 4 . 1  25 . 2 1 4 . 8  40 . 1  9 . 2  0 .4 % total 
Cocco ids 271 2  8455 2581 1 936 1 1 1 2  2314 1 81 2  21 5 numbers 
21 . 5 40 . 5 1 8 . 2 66 . 5  - 8 . 6 34 . 2  1 6 . 8  2 . 7 % t�tal 
Aphanizomenon 30 , 349 943 , 1 25 7536 4650 1 1 , 036 72 numbers 
Flos-Aquae 94 . 9  1 00 59 . 9  22 . 2  77 . 7  0 . 9 % total 
e 9834 numbers Stau:rastrum spp � 
76 . 2  % total 
Schroede:ria 1 735 numbers 
setige :ra  25 .6  . % total 
S:ghae roc;ystis 3141 2423 · numbers 
schroeterii 29 . 2 30 . 1  % total 
Mic:ractinium 2.51 1 903 numbers 
guadrisetum 2 . 3 23 .6  % total 
. 
Mic:ractimium 2818 2800 numbers 
32usillum 26 . 2  34 . 7  % total 
. .  
, f 1624 1 06 199 1 591 61 0 ..... other numbers ..... 
5 .1 o . 8 6 . 8 . 14 . 8  7 . 5  % total c..> 
Total 31 . 973 943 , 1 25 1 2 , 579 20 , 892 1 4 , 1 95 291 3 1 2  , 903 6763 1 0 , 750 8059 numbers 
Table DJ. Resul t s  o f  quanti tative and qua l i tative analys i s  o f  phytop l ankton for We iler ' s  Pond 
a .  For the mo s t  p art , organ i sms reported are tho s e  which compri s ed 10 p ercent ( o r  more) o f  the total 
for at lea s t  one s amp l ing date . 
b .  Unles s o therwi s e  no ted , s amp l ing dates  include the to consecutive weeks  data were co l lec ted . 
c .  Number o f  o rganisms per l iter (Welch,  1948) . 
d .  Percentages calcul ated on bas i s  o f  total number o f  organ i sms per l i ter for each s amp l ing date . 
e .  More than one spec ies  o f  T rachelomonas included : 
l .  T . hi sp ida 
2 .  !· vo lvoc ina 
3 .  !· s imi l i s  
f .  More than one specie s  o f  Anabaena inc luded : 
l .  !· circ inal i s  
2 .  !· con s tricta 
3.  A . spiro ides ( b loom) 
g .  Sum o f  remaining obs erved o rganisms no t specifical ly s t ated in table  ( tho s e  which never comprised 
10 percent o f  the total at any given s amp l ing date) . 
..... ..... 
� 





Euglenoids 2449 3370 
1 2 .8 22 . 7  
Chlamydomonads 1 0 ,593 1 335 
55 .2 9 . 0 
Cocco ids 1 681 2314 
8 . 8 . ·  , f.5 . 6  
Metabolic 2982 41 05 
Euglenoids 15 . 5  27 . 7  
Trachelomonas spp . e 1 1 56 3204 









267 1 1 1  
7 .1 J . 1 
J1 2  51 2 
8 . 2 1 4 . 2  
J070 220J 
81 . 2  61 . 1  
89 
2 . 5  
.578 
1 6 .0  
b Sampling dates 
c .5 6 
267 . 222 




44 . 8  1 7 . 3  
3293 8054 
29 . 6  5 7  .5  
1 1 35 
1 0 . 2 
1824 
13 . 0 . 
7 8 9 . 1 0 
JO 36 1 2  c numbersd 0 • .5 0 . 8 0 . 2  % to�al 
1580 21 66 2226 3064 numbers 
6 . 6 37 . 7 52 . 7  47 . 2  % total 
934 1 79.5 809 933 numbers 




156 48 numbers 





1 9 , 239 31 1  1 08 numbers 
80 . 0  5 .4 2 . 6 % total 
1 438 numbers 
2.5 . 1  % total 
850 1 2  numbers 




Table DJ . (cont . ) 
Algae 
Sampling date s 
1 2 3 4 5 6 7 8 9 1 0  Aphani zomenon 
60 24-?7 numbers flos-aguae 1 . 4 .. JB . o  % total Other 309 490 1 32 :� 111  1446 1 223 21 J6 83 numbers 1 .6 --1d -l!.2 --14. ll& 21 . 7 8 . 9  -bQ % total Total 1 9 ,1 70 14 , 81 8  3781 J604 ' 1 1 .1 25 14 , 015 24 , 045 5738 4220 6497 numbers 
Tabte n4. Re sul t s  o f  quantatit ive and qual itative analy s i s  o f  phytop l ankton for Campus Pond 
a .  For the mo s t  p ar t ,  organ i sms reported are tho s e  which comprised 10 percent ( o r  more) o f  the total 
for at l ea s t  one s amp l ing date . 
b .  Unl e s s o therwis e  not ed , s amp l ing dates  include the 1 0  consecut ive weeks data were collec ted . 
c .  Number o f  organi sms p er l i ter (We l ch ,  1948) .  
d .  Percentages calculated on bas i s  o f  tot al number o f  organism� p er l iter for e ach s amp l ing ·date . 
e .  More than one species  
1 . !·  obl iquu s 
2 .  S .  armatus 
l. S .  bijuga  
4 .  S .  dimorphus 
o f  S c enedesmus included : 
5 .  !· protuberans  
6 .  S .  acuminatus 
J .  !· guadricauda 
8 .  S .  abundans  
f .  Sum o f remaining ob s erved organi sms not speci fical ly s tated in  table  ( tho s e  whi ch never comp r i s ed 
10 percent o f  the to tal a t  any g iven s amp l ing date) . 










Merismo;eedia sp . 
Phacotus 
lenticularis 





- a Re sults of  quantitative and qualitative anaJ.ysis of phytoplankton for Campus Pond 
1 2 3 4 
1 847 1 801 1446 534 
15 . 7  9 . 9  6 . 6 3 . 3 
1 802 3031 2449 4005 
15 . 4  1 6 . 6  15 . 9 24 . 8  
6408 1 0 , 1 33 1 2 , 371 9345 
_54 . 6 . 55 . 6  57 . 0  57 . 9  
445 71 3 1 958 734 
3 . 8  3 . 9 9 . 0 4 . 5 
1 33 445 89 223 
1 .1 2 .4 0 . 4 1 . 4 
89 356 134 1 34 
0 . 7 1 . 9  o . 6 o . 8 
1 001 1 749 2265 1 154 
.Jh2 -2.& 1 0 . 4  7 . 2 
1 1 , 725 1 8 , 228 21 , 71 2 16 , 1 29 
. . b Sampling date s ._ . 
5 6 7 
1 335 267 979 
4 . 5  o .4 6 . o 
2536 6408 5451 
8 .5 9 . 3  33 . 5  
7342 8588 5963 
24 . 6  12 . 4  36 . 6 
3471 934 
1 1 . 6  1 . 4 
1 1 , 704 51 , 041 · 1691 
39 . 2 73 . 9 1 0 . 4  
226 
0 . 8 
534 490 445 
1 .8 0 . 7 2 . 7  
225 267 44 
0 . 8 o .4 0 . 3 
2490 1 065 1 71 0  
..ful _L2 � 
29 , 863 6 9 , 060 1 6 , 283 
8 9 1 0  
numbers� 31 2 538 72 
1 . 2 1 . 7 0 . 2 % totaJ. 
1 1 , 568 1 3 , 032 3734 numbers 
44 . 8  42 . 5 1 1 . 7  % total 
7398 9478 5098 numbers 
28 . 6  30 . 9  1 6 . 0  % totaJ. 
1 07 718 numbers 
o .4 2 . 3 % totaJ. 
numbers 
% totaJ. 
1 221 14 , 755 numbers 
4 . 0  46 . 4 % total 
2674 numbers 
1 0 . 3  % total 
1350 1436 2872 numbers 
5 . 3 4 . 7  9 . 0  -% total 
200 359 72 numbers 
0 .8 1 .2 0 . 2  % total 
2235 3908 5162 numbers 
8 . 6 !bl 16 . 2  % totaJ. 




Tabl e p5[ Resul ts  o f  quantitative and qual itative analys i s  o f  phytop l ankton fo r W i l l i am ' s Pond 
a .  For the mo s t  part,  o rgan i sms reported are tho se  which compri sed 10 percent ( o r  more) o f  the total for 
at leas t  one s amp l ing date . 
b .  Unle s s  o therwi s e  noted , s amp l ing dates inc lude the 10 consecut ive weeks data were co l lected . 
c .  Number o f  organi sms per l i ter (Welch,  1948) . 
d .  Percentages calcul ated on bas i s  o f  total number. o f  organi sms p er l i ter for each s amp l ing date . 
e .  More than one spec ies  o f  Trachelomona s  included : 
1 .  T .  hisEida 
2 .  T .  annata 
3 .  T .  s chauin s l andi i  
4. T . tambowika 
5 .  T . urceo l ata 
f.  Sum of remaining organi sms no t spec ifical ly s tated in table ( tho se whi ch never comprised 10 
percent of the to tal at  any given s amp l ing date) . 
Table D5 . Results of quantitative and qualitative analysis of phytoplankton for William ' s Panda 
Algae Sam:Eling dates b 
1 2 3 4 5 6 7 8 9 1 0  
Unidentified 
Euglenoids 1 780 467 941 741 7 1 33 44 1 1 1  44 233 c numbersd 1 0 .4 26 . 4  9 . 3  2 .1 2 . 7  1 .4 3 . 3  o . 6  2 . 3 % total 
Chlamydomonads 1 736 1 1 1  3099 - - 667 1 624 1 687 323 numbers 
1 0 . 1  6 . 3 30 .5 20 . 0  23 . 9  1 6 . 6  1 . 2 % total 
Cocco ids 1 2 , 01 6  378 551 2 2700 1 91 3 467 1 1 57 1 580 6821 1 7 , 537 numbers 
70 . 3 21 .4 54 . 3 78 . 0 38 .4 1 5 . 1  2Q . O  23 . 3  6 7 . 1  64 . 5 % total 
Metabolic 623 765 1 0 7  - - numbers 
Euglenoids 3 .6 43 . J  1 . 0 % total 
Trachelomonas spp . e 578 365 682 845 225 51 2 67 36 1 1 49 numbers 
3 .4  3 .6 1 9 . 7 1 6 . 9  7 .3 1 5 . 4  1 . 0 O .J 4 . 2 % total 
other flagellate s  1 958 667 400 numbers 
)9 .3 21 . 5  1 2 . 0  % total 
Microc;ystis 1468 534 215 7826 numbers 
aeruginosa 47 . 4  7 . 9  2 . 1 28 .8 % total 
Gloec;ystis sp . - - 226 31 1 2781 1 094 numbers 
7 .3 9 .3 41 . 0  1 0 . 8  % total 
f 356 46 .  1 33 1 35 1 7 7  156 359 other 72 numbers 
_b1_ 2 .6 _LJ. _b.1 .-2.J .bl � _LJ. % total I-" I'-) 0 
Total 1 7  , 089 1 767 1 0  , 157 J456 4984 3097 3335 6786 1 0 , 158 27 , 1 94 numbers 
Table  n6 .. Resu l t s  o f  quant itative and qual itative analy s i s  o f  phytopl ankton fo r Wapora Pond 
a .  For the mo s t  p art , o rgani sms reported are tho s e  which comprised 10 percent ( o r  more) o f  the to tai- for 
at least one s amp l ing date .  
b .  Unles s o therwi s e  no ted , s amp l ing date s include the 1 0  consecut ive weeks data were co l l ec ted . 
c .' Number : �o :f .  organisms ·per . l iter · (We!ch :J 1948) . · 
d .  Percentages calcu l a ted on b a s i s  o f . to tal number o f  organisms per l iter for each s amp l ing date . 
e .  More than one species o f  Trachelomonas included : 
1 .  !· hi spida 
2. T .  urceo lata 
f .  More than one species  of  Anki s trodesmu s  included : 
1 .  A .  falcatus 
2.  A .  fractus 
g .  Sum of remaining organ i sms no t spec ifical ly stated in table  ( tho s e  which never comprised 10 




Table 1:6 .  Re sults o f  quantitative and qualitative analysis of phytoplankton for Wapora Fonda . 
Algae Sam:Eling date s b 
1 2 3 4 5 6 7 8 9 10  
Unidentified 
Euglenoids 341 801 111 467 1670 c numbersd 44 . 2  7 .6  6 . 8 4 .7 4 .5 28 . 4 % total 
Chlamydomonads 4628 467 611 9  920 1 71 3 1 095 numbers 
88 .1 8 .J 77 . 7 38 . 6  16 .4 1 8 .6  % total 
Cocco ids 371 11 72 51 62 1 757 1 350 531 8 1 903 numbers 
48 .1 6 7 .5  43 . 7 22 .J  56 . 7  50 . 9 32 . 3 % total 
Phacotus 386 4672 numbers 
lenticularis 22 . 2 39 .5 % total 
Metabolic 59 . 72 numbers 
Euglenoids 7 . 6  1 . 2 % total 
Trachelomonas e 44 89 640 305 numbers spp . 
2 .5 0 . 7 6 .1 5 . 2  % total 
Gloeoc;ystis - - . 623 4784 numbers 
1 1 . 9  85 . 3  % total 
Micractinium 1 1 79 numbers 
12usillum 11 .3 % total 
Ankistrode smus f 1 157 162 numbers spp • - -
11 .1  2 .7  % total 
Othersg 1 089 356 681 numbers 
9 . 2 � 1 1 . 6  % total - :::; 
N 
Total 771 1 737 1 1 , 81 3 5251 5607 7876 2381 1 0 , 456 5888 numbers 
, Table D?• Resul t s  o f  quanti tative �n� qual itative analys i s  o f  phytopl an�ton fo r Martin ' s Pond 
a. For the mo s t  p art , organ i sms reported are tho s e  which comprised 10 p ercent ( or more) o f  the total 
for at lea s t  one s amp l ing date . 
b .  Unl e s s  o therwi s e  noted , s amp l ing dates include the 1 0  cons ecut ive weeks data were col l ected . 
/ • I 
:-: .. . . , ;  : ·  
c .  No data co l lected for week 7 ' ( first week in Augus t) . 
d .  Number o f  o rgani sms per l i ter (Welch ,  1948) . 
e .  Percentages c al cul ated on bas i s  o f  total number o f  o rgan i sms per  l iter for each s amp l ing date . 
f .  More than one species  o f  Trache lomonas incl uded : 
1 .  !· hi sp ida 
2.  T .  volvoc ina 
g .  Sum o f  remaining o rgan i sms no t spec i fical ly s t a ted in tab l e  ( tho se  which never comprised 10 
percent o f  the to tal at  any given s amp l ing date) . 
Table w .  Re sults of quantitative and qualitative analysis of phytoplankton for Martin ' s  Ponda 
Algae b SamEling dates 
1 2 J 4 5 6 7C 8 9 1 0  
Euglenoids 44 59 36 24 d numbers 
2 .1 1 0 .5 1 . 0 5 . 8 % totale 
Chlamydomonads 44 1 068 1 099 31 2  1149 1 20 numbers 
7 . 8  29 .4 51 .0 55 .0 31 . 7  29 .5 % total 
Cocco ids 208 89 2091 890 1 91  21 90 1 91 numbers 
36 . 9  11. 1  57 . 6  41 . 7  J4 .0 60 .4 46 . 9 % total 
Trachelomonas spp . f 1 08 60 numbers 
J . O 1 4 . 7 % total 
Cera ti um 1 9 , 247 31 ,500 31 2 71 2 467 111  1 2  numbers 
hi:rundinella 1 00 100  55 .3 88 . 7  1 2 . 8  5 . 2 2 . 9 % total 
Otherg 14.3 1 2  numbers 
-- ..l!2 _b2 % total 
Total 1 9 , 247 31 , 500 564 801 361 7 : 2136 562 3626 41 9  numbers 
